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Abstract 

Assessment of clinical reasoning is often challenging, as it is a complex process of 

thinking and decision making. Script Concordance Testing (SCT), using authentic 

clinical scenarios with diagnostic or management uncertainties, has been developed to 

assess clinical reasoning. As SCT is a relatively new assessment modality, more 

empirical evidence is needed to support the validity of SCT scores.  

This thesis examines key aspects of the validity of SCT scores in the assessment of the 

clinical reasoning ability of medical undergraduates. A review of the current literature 

informs the use, design and standard setting of SCT, as well as evidence for its 

reliability and validity. Exploration of the response patterns of 5 cohorts of graduate-

entry medical students in an Australian Medical School showed deliberate avoidance 

of extreme responses by the lowest quartile students. A post-hoc simulation study, 

testing the hypothesis that test-wise candidates’ SCT scores were inflated through 

deliberate avoidance of extreme response-options and selection of neutral response-

options, generated an approach to optimising and balancing SCT items for improved 

SCT score validity.  

In response to the paucity of empirical studies on the construct validity for SCT scores, 

the next study showed evidence of progression in SCT scores from medical students, 

to junior registrars, to experienced general practitioners. Finally, an investigation of 

candidates’ response process, using a ‘think-aloud’ approach, supported the response 

process validity of SCT scores.  

In conclusion, this thesis has demonstrated that: 1) thoughtful design and balance of 

SCT items can mitigate some of the validity threats to medical student SCT scores; 2) 

the tendency of SCT scores to progress with increasing levels of clinical practice 

experience further supports the construct validity of SCT scores; and 3) use of the 

‘think-aloud’ approach to explore students’ response process may enhance the utility 

and educational benefits of SCT. The research supports the validity of SCT in 

assessing clinical reasoning in undergraduate medical education, and presents practical 

approaches to enhance the design of the assessment instrument.  
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Chapter 1: Introduction 

1.1 What is Clinical Reasoning and why is it important in health professional 

education? 

As defined very succinctly by Higgs, ‘Clinical reasoning is the sum of the thinking 

and decision-making processes associated with clinical practice’. (1) It is the process 

by which the clinician collects and processes the patient’s information in order to 

understand the underlying problem, plans and implements the management, followed 

by evaluation and reflections on the outcomes. (2) The graphical representation of this 

reasoning cycle is shown in Figure 1. A sound knowledge base of basic and clinical 

sciences, together with an understanding of disease pathophysiology, are required for 

the effective learning and application of clinical reasoning.  

In the clinical setting, a healthcare professional usually starts with gathering a 

comprehensive history of the presenting illness from the patient, followed by a focused 

physical examination to collect all the relevant information. The resulting symptoms 

and signs are then analysed to allow formulation and generation of the hypotheses. By 

recalling the relevant knowledge and illness scripts in his or her mind, assisted by 

previous experiences in similar presentations, the health professional will formulate 

an appropriate investigation and management/action plan for the patient’s 

problems/issues. This clinical judgement will take into account the cultural 

background, social and psychological aspects of the patient presentation, and the 

context of the health system, institution and the state or country. This will be followed 

by an evaluation of the outcomes (physical, psychological and social) and a self-

reflective process that consolidates the learning to aid future improvement in patient 

management. (3) The reasoning cycle generates a range of illness scripts in a 

developing clinicians’ mind as they gain experience. This process is very efficient as 

the script activation is automatic and almost unconscious. (4) 
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The terms clinical reasoning and clinical judgement are often used interchangeably in 

the literature. However, one should be mindful that clinical reasoning is a process, 

whereas clinical judgement is the result of the process and represents the decisions that 

a clinician makes. (5) 

Figure 1: Clinical Reasoning Cycle. Retrieved from: 

http://www.utas.edu.au/__data/assets/pdf_file/0003/263487/Clinical-Reasoning-

Instructor-Resources.pdf. Clinical reasoning instructor resources. School of Nursing 

and Midwifery. Faculty of Health, University of Newcastle. 2009. 

Clinical reasoning is a foundation requirement for entry level clinical practice and 

cannot be assumed to develop in the absence of fundamental educational strategies. 

Effective clinical reasoning skills have a positive impact on patient outcomes, 

minimising adverse medical events and reducing diagnostic errors. (3, 6, 7) Competent 

clinicians must be able to apply correct clinical reasoning in day to day practice for 

efficient and safe patient-centred care. A significant number of patient problems are 

managed inappropriately due to diagnostic and management errors. (8, 9) Improving 

critical thinking (the process of intentional higher level thinking) and clinical 

reasoning skills of medical students as they journey through medical school to 

http://www.utas.edu.au/__data/assets/pdf_file/0003/263487/Clinical-Reasoning-Instructor-Resources.pdf
http://www.utas.edu.au/__data/assets/pdf_file/0003/263487/Clinical-Reasoning-Instructor-Resources.pdf
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fellowship training is essential to ensure optimal patient outcomes. Sound and effective 

clinical reasoning skills are essential for practising clinicians. 

There are many cognitive processes that underpin the construct of clinical reasoning. 

Theories of the cognitive processes that underpin clinical reasoning have been 

described as ‘normative’ or ‘descriptive’. (10) For the ‘normative’ theories, Kassirer 

described three types of reasoning namely: probabilistic; casual and deterministic. (11) 

Probabilistic reasoning relies on Bayes’ theorem, a simple mathematical formula used 

to calculate conditional probabilities. Disease prevalence, sensitivity and specificity of 

diagnostic tests are taken into account to support the diagnosis. However, this approach 

is limited by the fact that sometimes it is difficult to describe a test to be either just 

positive or negative; and the Bayesian analysis requires that each disease is mutually 

exclusive of all other disease (which is highly unlikely in the actual real world clinical 

setting). Casual reasoning however uses the underlying basic sciences principles (e.g. 

anatomy, physiology, biochemistry) and pathophysiology to explain and guide 

treatment. Casual reasoning is therefore considered as a foundation to other reasoning 

models. Deterministic reasoning uses branching chain style algorithms in which the 

logic can be clearly defined to guide diagnosis, treatment or prognosis. However, the 

limitation of this logical reasoning is that it fails to deal with the uncertainties in the 

clinical environment. 

For the ‘descriptive’ theories, there are two main cognitive capabilities and processes 

that underpin the use of clinical reasoning. The first approach, ‘hypothetical deductive 

reasoning’ (also known as the analytical/Type 2) approach uses data collection, 

hypotheses generation, data interpretation followed by hypothesis evaluation, to arrive 

at the diagnosis and correct management of a patient. This approach is more commonly 

used by novices who are usually medical students or junior registrars under training. 

The second approach is the ‘pattern recognition’ (also known as the intuitive/Type 1) 

approach where key symptoms and signs from the patient are perceived as patterns 

like pieces of a jigsaw puzzle and these are compared to the patterns residing in the 

memory of the clinician from previous experiences. Once a particular familiar pattern 

is recognised and formed, a provisional diagnosis is made, with appropriate 
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investigations and management following. The latter process is much quicker and 

more efficient and is used by expert clinicians with years of clinical experiences. (9) 

However, if the expert encounters a clinical scenario where the ‘patterns’ do not align 

or match up, he or she will fall back to the first logical step-by-step analytical approach 

to solve the problem. (12) As these two forms of processing are not mutually exclusive, 

the expert clinician in real-world clinical settings is able to coordinate both the analytic 

and nonanalytic (intuitive) cognitive processes to solve and manage a clinical problem 

(dual processing). (12) While the intuitive approach is expected to dominate in the 

initial phases of managing a new patient, the analytic approach plays a dominant role 

during the hypothesis testing stage of the clinical encounter. (13) 

As discussed above, there is not a universally accepted model of clinical reasoning. 

The process of clinical reasoning is not easily captured in any one model. (10) Each 

model has its own limitations and this does not mean that a particular model is better 

than the other. During a clinical encounter, most of these models do not consider the 

patient’s social setting (e.g. appearance, language, lifestyle and ways of dressing), non-

verbal communications, the doctor-patient relationship and the clinician’s personality, 

feeling or socio-cultural characteristics. (14) A combined or multidimensional model 

may be better to describe how a clinician actually makes clinical decisions. 

As a competent clinician, apart from managing the typical clinical case presentations, 

one must be capable of dealing with uncertainties and ill-defined problems. (15) Often 

in clinical encounters with patients, clinical reasoning and decision making have to be 

made based on incomplete clinical information (from the history taking and/or 

physical examination) at the initial presentation. This initial uncertainty often results 

in differences in clinical judgements between expert clinicians. This can present 

challenges, not only in facilitating clinical reasoning ability in learners, but in assessing 

the outcomes of learners’ clinical reasoning processes. Therefore it can be difficult to 

define a single correct answer for an assessment item targeting the clinical decision 

making process and outcomes. A variety of assessment modalities have been 

developed to assess clinical reasoning competency in medical education. Some will be 

briefly discussed, before focusing on Script Concordance Testing (SCT), an approach 
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that was designed to mirror the clinical reasoning process and outcomes in the context 

of uncertainties in clinical practice.  

1.2 Assessment of Clinical Reasoning in medical education 

Clinical reasoning has been described as one of the core competencies for medical 

graduates and fellowship trainees by professional bodies such as the Accreditation 

Council (ACGME) in the USA, and the Royal College of Physicians and Surgeons in 

Canada for Graduate Medical Education in Canada. (16, 17) 

As explained above, clinical reasoning is a complex process of thinking and decision 

making, producing challenges in the assessment of the components of this process. 

The traditional bedside or viva examination, often used to assess clinical reasoning, 

are usually non-standardised, subjective, often biased and not reliable because of the 

limited number of examiners and/or cases per student. (18) As a result, a range of 

assessments has been developed, aiming for greater reliability and validity. 

There are currently 7 commonly used assessment tools or formats to assess clinical 

reasoning in medical education: 

- script concordance testing (SCT)

- clinical reasoning problem (CRP)

- key feature problem (KFP)

- comprehensive integrative puzzle (CIP)

- patient management problem (PMP)

- objective structured clinical examination (OSCE)

- workplace based assessments, e.g. the mini-clinical evaluation exercise

(mini-CEX)

Some of these tools are briefly discussed before focusing on the use of SCT to assess 

clinical reasoning, the focus of this thesis.  
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For the clinical reasoning problem (CRP) format, each problem has a clinical scenario 

with the patient’s clinical presentation, history and physical examination findings. 

Candidates are asked to nominate the two most likely diagnoses and also asked to 

explain and list the clinical features that they considered in formulating the diagnoses, 

indicating whether these features supported or opposed the nominated diagnoses. 

CRPs (based on the hypothetical deductive model of cognitive processing) were shown 

in some studies to be both reliable and valid in assessing the accuracy of diagnostic 

reasoning. (19) However, the marking of CRPs is relatively resource intensive 

compared to multiple choice question (MCQ) formats such as SCT. 

Key feature problems (KFPs) test clinical decision-making skills in written or 

computer-based formats. After a clinical scenario presentation, candidates are asked 

to list a few key clinical problems. Then the candidates are asked to choose one or 

more correct answers from a long list as the appropriate investigation and/or 

management. KFPs, also based on the hypothetical deductive model, have been used 

by the Canadian Medical Council and the Royal Australian College of General 

Practitioners (RACGP) in high stakes examinations with good reliability in 

combination with other assessment modalities, like MCQs and OSCEs. (20) 

The hypothetical deductive cognitive process is also the basis of comprehensive 

integrative puzzle (CIP) questions, which assess the integrative elements of diagnostic 

thinking and clinical reasoning. (21) Items in this test are presented in the format of an 

extended matrix of rows and columns. Candidates are asked to insert the correct 

information in each cell. The completed horizontal rows reflect integrative ability 

(diagnostic thinking and clinical reasoning) and the vertical columns measure the 

student's proficiency in interpreting medical history data, physical examination 

findings, laboratory test results, and imaging results. (22) Scoring CIP is relatively 

complex and not well explored and this tool is more suitable for formative assessment 

or research. 

In patient management problem (PMP) items, a clinical scenario is presented followed 

by sections provided in stages, where candidates need to respond in relation to history 
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taking, physical examination, investigations and diagnosis. A PMP could be very long 

and require up to 90 minutes to answer. The low reliability, the problem of case-

specificity and lack of evidence showing differentiation of scores between junior and 

senior doctors have resulted in the low popularity of its use in assessment. (20, 23) 

 

While commonly used written assessments of clinical reasoning (e.g. MCQs, Short 

Answer Questions – SAQs, and KFPs) have high content validity due to extensive 

blueprinting, good internal consistency and are relatively easy to be scored, merely 

selecting the correct answer(s) from a pre-defined list is not truly representative of 

authentic clinical reasoning. The underlying response process is not evident. (24) The 

three examination formats (SCT, CRP and CIP) have shown high reliability in a high-

stakes national examination designed to test clinical reasoning and decision-making 

skills in undergraduate medical students in Iran. (25) However there have been limited 

reports on the use of these three formats to assess clinical reasoning of medical 

undergraduates. 

 

The OSCE was developed by Harden to be an objective and standardised assessment 

of clinical competency in medical education. (26) This tool has been used to assess 

history taking, physical examination, hypothesis generation, management, clinical 

reasoning, communication skills as well as professionalism. (12) Simulated/ 

standardised patients, with or without case notes review, can be incorporated into the 

assessment. However, as it is an integrated assessment of these competencies, the total 

OSCE score was found to not correlate directly with the clinical reasoning abilities of 

the medical students. (27) An OSCE can assess medical students’ clinical skills 

including, but not exclusively focusing on clinical reasoning. (24) The OSCE format 

is also resource intensive and thus one of the most expensive assessment options. (28) 

Workplace-based assessment (WBA) formats such as Direct Observation, the mini-

clinical evaluation exercise (mini-CEX), written notes/report review and global 

assessment were reported to be useful for assessing clinical reasoning. (24, 29) The 

OSCE, while aiming for higher reliability, isn’t deemed to be as valid as WBA. WBA 

however is time consuming for an assessor focused on delivering patient care, and can 

be difficult to stage in a busy workplace.   
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Recently, customised assessments of clinical reasoning skills in undergraduate 

medical students such as the Paediatrics Milestone Project targeting key features in the 

history, examination or laboratory results for medical students and paediatric trainees 

have emerged, as well as the use of virtual patients in trauma settings. (30, 31) These 

projects targeted specific sub-specialties or trainee groups with tailored assessment 

formats.  

The SCT tool, on the other hand, can be applied to all disciplines and specialties in the 

health professional education field, due to its generic format and a layout that can be 

easily adapted to need. Script concordance testing is a novel modality to assess clinical 

reasoning and clinical decision making using a response format and scoring based on 

the Bayesian theory of reasoning. (32) It was designed and developed specifically 

based on the aforementioned conceptual underpinning of clinical reasoning, mirroring 

the clinical reasoning process and outcomes in the context of uncertainties in clinical 

practice. Probabilistic clinical reasoning and decision making are incorporated into 

SCT through its unique response format, as well as via the scoring approach. The latter 

uses the aggregated scoring method with a 5-point response scale. The next section 

elaborates on the introduction of SCT to assess clinical reasoning. 

1.3 Using Script Concordance Testing to assess Clinical Reasoning 

Acquisition of clinical reasoning skills is a lifelong developmental process across the 

entire career trajectory of health professionals, particularly for medical doctors. This 

starts from medical school and continues throughout fellowship training and continual 

clinical practice. Only recently, has assessment of clinical reasoning been identified as 

a challenge. While MCQs and SAQs offer the benefit of easy or computer marking, 

even with ‘well-defined’ problems they generally test at the lower levels of the Miller’s 

pyramid (Figure 2) and were not considered as ideal for the assessment of clinical 

reasoning. (33-35)  
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In 2000, a new method of assessment named Script Concordance Testing (SCT) was 

introduced by Charlin et al. (36) In SCT, a short real-world authentic clinical vignette 

is presented in the presence of diagnostic or management uncertainties in an ill-defined 

setting. This is followed by a question with 3 parts. In Part 1, the provisional diagnosis, 

investigation or management option is presented. In Part 2, a new piece of clinical 

information (history symptom, physical sign, laboratory finding or diagnostic imaging 

finding) is provided. In Part 3, students are asked to indicate the extent to which the 

emergent new clinical information will affect their clinical decision on the provisional 

diagnosis; or requesting an investigation or a particular management option. The 

candidate must choose one of the response options from a 5-point Likert probability 

scale in the range of ‘-2’ (much less likely/appropriate); ‘-1’ (less likely/appropriate); 

‘0’ (neither less, or more likely/appropriate); ‘+1’ (more likely/appropriate); or ‘+2’ 

(much more likely/appropriate). The candidate’s response to each SCT item is 

compared to that of the expert panel of clinicians who will recall the previous illness 

scripts in their mind (from their experiences and encounters of similar clinical 

presentations) to formulate their decision. The closer the candidate’s decision to that 

of the majority of the expert panel members, the higher the score awarded. Hence, the 

name of ‘Script Concordance’. The scoring of SCT items is based on the aggregated 

scoring system in relation to the probability of diagnosis or action by the expert 

reference panel. This scoring system is different from classical MCQs where only one 

best answer will attract a full mark. In SCT, if a response is in concordance with the 

majority of the expert panel, a full mark will be awarded. A partial weighted score will 

be awarded for a response that is ‘in concordance’ with the minority of the panel and 

a zero mark will be awarded for a non-matching response. 

 

Script concordance testing (SCT) as an assessment tool has the capacity to assess 

clinical reasoning on ill-defined problems and variability within answers provided by 

the reference panel. This is a key component of the power of the SCT to discriminate 

the clinical reasoning ability and performance between different levels of clinical 

experience. (37) 
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Figure 2. Miller’s Pyramid. (38, 39) Reprinted with permission from Dr Ramesh 

Mehay. Abbreviations: MCQs = multiple-choice questions; OSCEs = objective 

structured clinical examination. SCT assessing at the ‘Knows How’ level. 

SCT items are written to test the interpretation or application of knowledge (Figure 2) 

to a selected stage or step in the clinical reasoning process, using the partial aggregate 

scoring method. SCT mirrors real-life situations by giving students authentic clinical 

scenarios/vignettes in the question stem, and it can also prioritise defensibility of 

answer over answer ‘correctness’. (28) Another advantage of using SCT to assess 

clinical reasoning is that the marking/scoring is very similar to classical MCQs with 5 

options (A – E), where electronic marking or online examination can be used. Scoring 

can be done almost instantly using simple formula calculations and no manual marking 

is required, saving significant time and minimising the workload of academic and 

administrative staff. (40) 

A general narrative review of the literature was conducted at the commencement of 

this PhD study, which covers SCT design and format; expert reference panel selection; 

standard setting; issues of reliability and validity in the use of SCT in undergraduate 

and post-graduate medical education. This is included in Chapter 2 of this dissertation. 

However the issue of validity of SCT scores, most pertinent for this thesis, is further 

discussed below in this introduction.   
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1.4 Validity of SCT Scores 

 

Validity is generally defined as the extent to which an assessment accurately measures 

what it is intended to measure. According to the Standards of Educational and 

Psychological Testing: (41) ‘Validity refers to the degree to which evidence and theory 

support the interpretations of test scores entailed by proposed uses of tests’ (p. 9). In 

contemporary usage, validity is a unitary concept where construct validity is the whole 

of validity. Validity always refers to score interpretations and never to the assessment 

itself. The Standards advise on the five distinct sources of construct validity evidence: 

content; response process; internal structure; relationship to other variables; and 

consequences. (42) Sources of evidence for content validity includes the examination 

blueprint, alignment of the item content to course learning objectives, quality of test 

questions (whether they are developed according to the accepted best practice) and 

item developer qualifications. Response process is defined as evidence of data integrity 

where all sources of error associated with the exam administration are controlled and 

minimised. Evidence for response process validity also includes quality control on 

marking, electronic scoring and reporting, accuracy of final marks, the relationship 

between the intended construct and the underlying thought processes of students, 

ensuring students understand the examination format and accurate interpretation of 

student scores. Internal structure, as a source of validity evidence, includes statistical 

item performance analysis (e.g. item difficulty index and discrimination factor), score 

reliability, standard errors of measurement (SEM) and other psychometric analyses. 

Relationship to other variables evidence relates to correlation of assessment scores 

with other variables such as other modalities of assessment that measure the 

achievement or ability of the students. Consequential validity evidence refers to the 

impact of assessment scores on the students or the community. It includes cut score 

determination, pass-fail consequences, false positives/negatives and the impact of 

assessments on teaching and learning. (42) 

 

All assessments in medical education require evidence of validity for meaningful 

interpretation of results. (42) From medical schools to post-graduate fellowship and 

specialty training, educators have an obligation to the public to ensure the decisions 
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on the competency of graduates are founded on valid assessment scores. Educators 

and institutions also need to be able to defend themselves against appeals and 

challenges to the assessment results, especially in high stakes exit and 

certification/licensure examinations. Therefore, assessments must be of good quality 

and be supported by validity evidence. (43) 

In designing SCT items, content validity evidence is documented by detailed 

blueprinting of the questions in relation to the Learning Objectives of the programme 

and vigorous review of each item by the content experts in the field. For evidence of 

response process validity it is important to document detailed instructions on how to 

answer SCTs, ensure quality control processes are in place for data/score accuracy, 

eliminate poor scoring items and ensure calculations are accurate when using the 

aggregated scoring system. Similarly, the clear documentation of the cut-score and 

pass/fail calculations in SCT provide further evidence for consequences validity. (42, 

44) 

The construct validity of SCT has been reported as depending on the notion 

that…candidates with more evolved illness scripts interpret data and make judgments 

in uncertain situations that increasingly concord with those of experienced clinicians 

given the same clinical scenarios (p. 187). (40) Support for the validity of this notion 

has come from evidence reported in the literature showing that SCT scores consistently 

increase with increasing level of training. Some examples of this evidence include the 

progression of medical trainees’ scores from Postgraduate Year 1 (PGY1) to PGY3, 

and to fellows in neonatology as their clinical reasoning skills mature. (45) Progression 

was also evident across 2 different linguistic, cultural and learning environments in 

French and Canadian universities. Scores increased with clinical experience in 

Urology in the two sites. These data further support the stability of the construct 

validity of the scores from SCT across different learning environments. (46) More 

evidence of SCT score validity is presented in the literature review paper (Chapter 2) 

and further explored in the subsequent chapters/ papers of the thesis. The next section 

addresses some contemporary issues and challenges associated with SCT. 
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1.5 Current issues and challenges with SCT 

As SCT has become more popular and is being implemented in health professional 

education fields (e.g. in Medicine, Paediatrics, Nursing and Physiotherapy), (47-51) 

concerns have arisen about the validity of the SCT in assessing clinical reasoning. (52-

54) Strictly speaking, validity is not a characteristic of an assessment tool. Validity is

a hypothesis on the degree of meaningfulness/appropriateness of assessment scores 

interpretation and use. Validity needs to be supported with theoretical and empirical 

evidence from assessment data, and as SCT is a relatively new assessment modality, 

more empirical evidence is needed to support the validity of SCT scores. The research 

projects reported in the published manuscripts in this PhD dissertation aimed at 

gathering more evidence to support (or refute) the validity of SCT scores as measures 

of the clinical reasoning ability of medical undergraduates. Specifically it addressed 

the following challenges in the validity of SCT scores: 1) The impact of candidates 

gaming the SCT examination, by avoiding selection of the extreme response 

options (i.e. ‘-2’ or ‘+2’), or deliberately selecting the median (‘0’) responses, 

as reported in the literature; (52) 2) The evidence for the construct validity of SCT 

scores, by exploring the progression in SCT scores from medical students, to junior 

registrars, to experienced general practitioners; and 3) Investigation of candidates’ 

response process using a written ‘think-aloud’ approach. 

1.6 Aims of the PhD project 

The current doctoral project aimed to contribute further evidence for the validity of 

Script Concordance Testing for assessing the Clinical Reasoning of medical students 

in the study context. Specifically, this PhD project involved investigations on issues 

and challenges to the validity of SCT score interpretation, through the following 

phases of research in a medical school context. It comprised the following: 

1. After the initial and general literature review (Chapter 2) looking at the background

and use of the SCT in medical education when the thesis research commenced, (55)
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the second study and published paper (Chapter 3) investigated the association 

between SCT scores and response patterns of medical students in the study 

context. (56) It aimed to provide a background picture for further improvement in 

the design of SCT papers to mitigate some of the above-mentioned challenges as 

reported in the SCT literature. 

2. The third study and published paper (Chapter 4) in this thesis reported the

outcomes of efforts made in the SCT development process to improve the validity

of the scores. Specifically, this study investigated the impact of deliberate

procedures in balancing the number of SCT items with the extreme and median

modal response from the expert reference panel, in addition to the normal test

optimisation process, for every SCT paper. This was an initiative in the study

context to improve the validity of the SCT scores by minimising the risk of students

gaming the exam by avoiding or choosing particular response options in their

answers. (57)

3. The fourth study and published paper (Chapter 5) investigated whether clinical

reasoning skills improved with increasing clinical experience. It examined whether

the SCT scores of medical students in the study improved as they progressed from

Year 3 to Year 4 of the Medical Programme, and whether there was further

progression of SCT scores for junior doctors and experienced practising General

Practitioners (GPs). (58) Evidence for the construct validity of SCT, as measured

by improvement in SCT scores as undergraduate and postgraduate trainees

progress through clinical training to practice, has not previously been reported in

the literature.

4. In response to a recent publication raising concerns about the validity of SCT

scores due to variations in expert panel’s response processes in answering SCT

questions, an invited Commentary paper (Chapter 6) discussed and proposed ways

to address some of the concerns. (59) Specifically, discussion on using SCT as a

form of assessment ‘for’ learning in addition to assessment ‘of’ learning was

presented.
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5. The final study and paper in Chapter 7, examined the response process validity of

SCT scores by using a written ‘think-aloud’ approach to investigate medical

students’ response process in answering SCT items. It investigated the underlying

thought process of the candidate’s clinical reasoning in answering the SCT

questions. This ‘think-aloud’ approach enhanced the feedback provided to students

after a formative SCT examination, allowing them to compare their clinical

reasoning to that of the expert panel. (60)

Chapter 8 discusses the main findings from this PhD project in the context of existing 

literature. After consideration of the limitations, of the thesis research, future directions 

for ongoing research into the use of SCT and the validity of SCT scores in assessing 

clinical reasoning competency in medical education, are proposed. 
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1.7 Presentation of thesis: Flow chart of the structure and chapters 

Hypothesis testing for 

gaming effect in  

candidates’ response  

pattern 

Exploring ways to improve SCT validity

Investigating the construct validity          of SCT scores

Exploring examinees’ response process 

validity of SCT scores 

Chapter 1 

Introduction 

Chapter 2 

Literature Review 

Chapter 4 
Improving the validity of 

script concordance 

testing by optimising and 

balancing items 

Chapter 5 
Construct validity of Script Concordance 
Testing scores: progression from novices 

to experienced clinicians 

Chapter 6 
Commentary: Expert responses in script 
concordance tests: A response process 

validity investigation 

Chapter 3 
Association between candidate total 

scores and response pattern in SCT 

of medical students 

Chapter 7 
Examining response process validity of 

Script Concordance Testing: a think-

aloud approach 

Chapter 8 

Final discussion, future 

directions and conclusions 
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Chapter 2: Literature Review – Using the script 

concordance test to assess clinical reasoning skills 

in undergraduate and postgraduate medicine 

This chapter contains the literature review titled “Using the script concordance test to 

assess clinical reasoning skills in undergraduate and postgraduate medicine” published 

in the Hong Kong Medical Journal (ERA Journal). 2015;21(5):455-61. 

Statement of Contribution by Others: please refer to Appendix 1 

Foreword 

The following published article reviewed the literature on the historical development 

of SCT as a tool to assess clinical reasoning in Medicine. It highlighted the structure, 

scoring, standard-setting, and the importance of reliability and validity of SCT. This 

provided the background information on the use of SCT in medical education and 

identified some of the current issues related to its validity, at the commencement of 

the PhD. 

Approval granted from Journal Editor for inclusion in the Thesis. 
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A B S T R A C T 

The script concordance test is a relatively new format 
of written assessment that is used to assess higher-
order clinical reasoning and data interpretation skills 
in medicine. Candidates are presented with a clinical 
scenario, followed by the reveal of a new piece of 
information. The candidates are then asked to assess 
whether this additional information increases or 
decreases the probability or likelihood of a particular 
diagnostic, investigative, or management decision. 
To score these questions, the candidate’s decision in 
each question is compared with that of a reference 
panel of expert clinicians. This review focuses on 
the development of quality script concordance 

Using the script concordance test to assess 
clinical reasoning skills in undergraduate and 

postgraduate medicine

Introduction
Script concordance test (SCT) is a relatively new 
format of written assessment to assess higher-order 
clinical reasoning and data interpretation skills of 
medical candidates.1

In recent years, universities and postgraduate 
colleges worldwide have used SCT for both formative 
and summative assessment of clinical reasoning in 
various medical disciplines including paediatric 
medicine, paediatric emergency medicine, neurology, 
orthopaedics, surgery, and radiology.2-8 In the classic 
written assessment, multiple-choice questions 
(MCQ) and short-answer questions (SAQ) usually 
examine the candidates’ simple knowledge recall at 
the lowest ‘knows’ level of the Miller’s Pyramid (Fig 
1).9,10 Questions in SCT are able to test candidates 
at the higher order of thinking at the ‘knows how’ 
and even ‘shows how’ level. It is a unique assessment 
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tool that targets the essential clinical reasoning and 
data interpretation skills in a very authentic way that 
reflects the element of ‘uncertainty’ in real-world 
clinical scenarios prevalent in clinical practice. 
This is the key aspect of clinical competency that 
enables medical graduates or fellows in training to 
link and transfer their mastery of declarative clinical 
knowledge and skills into clinical practice in a real 
clinical setting. Recent literature reports the value 
of using SCT to assess other areas of disciplines 
where classic questions are difficult to develop, for 
example, in assessing medical ethical principles and 
professionalism.11

The structure and format of script 
concordance test
In SCT, candidates are presented with a clinical 
vignette/scenario, followed by the reveal of a new 
piece of information. The candidates are then 
asked to assess whether this additional information 
increases or decreases the probability or likelihood 
of the suggested provisional diagnosis, and increases 
or decreases the usefulness/appropriateness of a 
proposed investigation or management option. 
The process reflects everyday real-world decision-
making processes where clinicians retrieve their 
‘illness scripts’ or network of knowledge (about 
similar patient problems and presentations stored 
in their memory) when faced with uncertainty in a 
clinical presentation. This enables them to determine 
the follow-on diagnosis and management options 
most appropriate to the situation. As further clinical 
encounters are experienced, the scripts are updated 

REVIEW ARTICLE

questions, using expert panellists to score the items 
and set the passing score standard, and the challenges 
in the practical implementation (including pitfalls to 
avoid) of the written assessment.

FIG 1.  Miller’s Pyramid9,10

Reprinted	with	permission	from	Dr	Ramesh	Mehay
Abbreviations:	MCQs	=	multiple-choice	questions;	OSCEs	=	objective	structured	
clinical	examinations
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and refined.12 Script concordance test assesses the 
candidates’ clinical reasoning and data interpretation 
ability in the context of uncertainty, particularly 
involving ill-defined patient problems in clinical 
practice.13 Sample SCT questions in Table 1 illustrate 
the structure and format of the SCT questions. As 
the clinical scenario unfolds, additional data such as 
clinical photos, radiological images, or audiovisual 
material can also be presented to enhance the 
authenticity of the scenarios.5,14,15

In scenario A in Table 1, the ‘clinical vignette’ 
is that of a 22-year-old woman who presents to the 
Emergency Department with severe abdominal 
pain. A piece of ‘new information’ is then revealed 
that her serum beta–human chorionic gonadotropin 
(β-HCG) is normal. The candidate is asked whether 
this additional information makes the ‘diagnosis’ of 
ectopic pregnancy: much less likely (-2), less likely 
(-1), neither more nor less likely (0: no effect on the 
likelihood), more likely (+1), or much more likely 
(+2). The next piece of new information (independent 
of the first one) is that the examination shows 
marked guarding and rigidity of the abdomen and 
the candidate is asked to determine the likelihood of 
a diagnosis of acute appendicitis. 

In scenario B in Table 1, a similar format is 
used to assess the appropriateness of ordering an 
investigation in relation to the respective piece 
of additional information. The first question asks 
for the appropriateness of ordering a computed 
tomographic scan of the abdomen for a 16-year-old 
girl who presents with acute abdominal pain if her 
last menstrual period was 8 weeks ago.

In scenario C in Table 1, the focus is on 
the usefulness of different management options 
after being presented with different pieces of new 
information related to the clinical vignette.

In preparing candidates to answer the 
questions, it is crucial to emphasise that each piece 
of new information is independent of the previous 
piece but in the same clinical setting. For example, 
in scenario A, when answering the second question 

given that she has guarding and rigidity in the 
abdomen, she does NOT have a serum β-HCG test 
done.

With respect to the likelihood descriptors 
used in the SCT questions for the diagnosis type 
of scenario, the preference is to use the option of 
“much less likely (-2)” rather than “ruling out the 
diagnosis”; and “much more likely (+2)” rather than 
“almost certain/definite diagnosis”. This will allow 
candidates to use the full range of the five options. 
In the practice of medicine, there are usually few 
situations wherein a diagnosis can be confidently 
excluded or definitely diagnosed with a few pieces of 
information provided.3

There are nonetheless limitations to the 
design and format of SCT. Candidates cannot seek 
additional information to that given in the question; 
the scenario is only a snapshot of the clinical 
encounter without the comprehensive history, 
physical examination, and investigations that would 
be particularly desirable in an ambiguous clinical 
situation.16

Scoring script concordance test
To score these questions, the candidate’s decision in 
each question is compared with that of a reference 
panel of expert clinicians. Each member of the 
panel attempts the same set of questions and the 
answers are recorded. As there is no single best 
correct answer to the question, a full (1) mark will be 
awarded if the candidate’s decision concurs (hence 
the name ‘concordance’) with the majority of the 
expert panel. A proportional (partially credited or 
weighted) score (<1) will be given if the candidate’s 
decision concurs with the minority of the panel. The 
candidate will score a ‘0’ if no panellist chooses this 
option.3 The formula to calculate the weighted scores 
is shown in Table 2.

There are other scoring methods reported 
in the literature where a consensus-based single-
answer scoring method or 3-point Likert scale 
scoring method is employed to determine the 
candidate scores.4,17

Selecting the reference panel
In general, a panel of 10 to 15 expert members 
relevant to the discipline is recommended to produce 
credible and reliable scores.18 The inter- and intra-
rater reliability in the SCT panel have been shown 
to be good.19

The composition of the panel should include 
clinical teachers and academics who are familiar 
with the curriculum and experts in the field relevant 
to the discipline tested. Studies have shown that 
using general practitioners (GPs) in the panel may 
produce similar mean scores to specialists but with a 
wider standard deviation.3
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A recent study, however, raised concerns about 
the reference standard and judgement of the expert 
panel. The study compared 15 emergency medicine 
consultants’ judgement scores with evidence-based 
likelihood ratios. The results showed that 73.3% 
of the mean judgement was significantly different 
to the corresponding likelihood ratios, with 30% 
overestimation, 30% underestimation, and 13.3% 
with diagnostic values in the opposite direction.20 
Other studies raised concerns about the possibility 
of outdated clinical knowledge and cognitive bias 
in the experts’ decision-making.21,22 Evidence of 
context specificity has also been highlighted whereby 
the agreement between SCT scores derived using 
different scoring keys with expert reference panels 
from a different context (hospitals and specialty) was 
poor.23

Implementation of script 
concordance test in formative and 
summative assessments
The structure and layout of the SCT questions can 
easily be implemented in the usual pen and paper-
based or online electronic format. Candidates 
answer each question (with five options) using a 
standardised answer sheet to facilitate computer 
scanning and scoring or directly online using the 
computer. 

It is often difficult to get busy clinicians to 
meet together face-to-face to answer the questions. 
By uploading the questions online, the panellists 
can attempt them anytime and make the questions 
available through a secure online platform. The 
response data can then be collated and the weighted 

TABLE 1.  Sample questions of script concordance test

Clinical scenario

A: A 22-year-old woman presents to the Emergency Department with severe abdominal pain.

If you were thinking of... and then you find that… this hypothesis becomes …

 -2: Much less likely
 -1: Less likely
0: Neither more nor less likely

+1: More likely
+2: Much more likely

1 Ruptured ectopic pregnancy Her serum β-HCG is negative A
-2

B
-1

C
0

D
+1

E
+2

2 Acute appendicitis On abdominal examination, there 
is marked guarding and rigidity

A
-2

B
-1

C
0

D
+1

E
+2

3 Acute cholecystitis Her temperature is 36.8°C A
-2

B
-1

C
0

D
+1

E
+2

B: A 16-year-old girl is brought to the Emergency Department by her parents. She has been vomiting and complains of generalised abdominal pain.

If you were thinking of 
ordering the following…

and then you find that… then your plan of action becomes …

4 CT abdomen Her last menstrual period was 8 
weeks ago

A
-2

B
-1

C
0

D
+1

E
+2

 -2: Much less appropriate
 -1: Less appropriate
0: Neither more nor less appropriate

+1: More appropriate
+2: Much more appropriate

5 Laparoscopy CT abdomen is normal A
-2

B
-1

C
0

D
+1

E
+2

6 CT abdomen Her blood glucose level is 
32 mmol/L (reference range, 
3.5-7.0 mmol/L)

A
-2

B
-1

C
0

D
+1

E
+2

C: A 55-year-old woman with previous asthma presents with acute shortness of breath. She is afebrile. You find she has a diffuse expiratory 
wheeze.

If you were thinking of … and then you find that… then your plan of action becomes …

 -2: Much less appropriate
 -1: Less appropriate
0: Neither more nor less appropriate

+1: More appropriate
+2: Much more appropriate

7 Giving morphine for her 
distress

Her PO2 is 55 mm Hg and her 
PCO2 is 60 mm Hg

A
-2

B
-1

C
0

D
+1

E
+2

8 Giving hydrocortisone 
intravenously

Her blood glucose is 24.2 mmol/L A
-2

B
-1

C
0

D
+1

E
+2

9 Giving 5 mg salbutamol by 
nebuliser

Her pulse rate is 120 bpm A
-2

B
-1

C
0

D
+1

E
+2

Abbreviations:	bpm	=	beats	per	minute;	β-HCG	=	beta–human	chorionic	gonadotropin;	CT	=	computed	tomography;	PCO2	=	partial	pressure	of	carbon	
dioxide;	PO2	=	partial	pressure	of	oxygen

TABLE 2.  The formula to calculate the weighted scores

Score key -2 -1 0 +1 +2

No. of panellists choosing the answer (out of 10) 7 2 1 0 0

Formula 7/7 2/7 1/7 0/7 0/7

Candidate score 1 0.29 0.14 0 0
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scores for responses on each score scale calculated.3

After capturing the candidates’ responses for 
all items, scoring of responses for each question 
can then be performed using the formula described 
above. This will ensure a rapid turnaround time that 
will be very effective in the assessment process.

For formative assessment purposes, expert 
panel consensus scores are provided to the 
candidates, followed by expert clinicians explaining 
and discussing the options in each scenario with 
the candidates for constructive feedback. Script 
concordance test can also be used to identify 
borderline students with suboptimal clinical 
reasoning skills for appropriate remedial measures 
such as bedside teaching, tutorials, or clinical 
simulations.24 

For summative assessment purposes, 
particularly where there is not a large pool of SCT 
items, it is important to avoid constructing irrelevant 
variance in SCT scores, by not releasing or discussing 
post-examination, the expected responses (based on 
expert panel’s responses), and the associated score 
for each of the answer options in SCT items.  

Unlike MCQ where there is only one single 
best answer that candidates could memorise and 
disseminate after the examination, the partial credit 
scoring model applied in SCT, where multiple 
answer options are accepted and each carries a 
fraction or all of the allocated mark, has to a certain 
extent rendered sharing of ‘correct’ answers after the 
examination difficult.

Developing quality script 
concordance test questions
Each clinical scenario has to be authentic and 
the presentation represents a realistic clinical 
encounter that is relevant to the specific discipline, 
preferably with a certain degree of uncertainty. The 
new information presented needs to stimulate the 
candidate to re-consider and re-evaluate how that 
particular piece of new information will affect the 
likelihood of the initial diagnosis, or appropriateness 
of initial planned investigation or management 
option. This will ensure the content validity in the 
SCT questions.

Particular care should be taken to develop 
options that will attract the full range of the five 
options available for the candidate to choose from. In 
other words, the additional pieces of new information 
should result in the consideration of -2 and +2 as well 
as -1, 0, and +1 options. A test-wise candidate might 
choose to consider only the options of -1, 0 and +1 if 
they notice that most panel consensus answers with 
a full score of 1 mark usually fall within these three 
options rather than also covering the -2 and +2.25 As 
a result, developing good-quality SCT questions is 
not easy. Care should be taken to develop clinical 
scenarios that do not focus solely on factual recall 

but involve a reasoning process with elements of 
uncertainty that will likely attract responses that 
spread across the 5-point Likert scale.26

Reliability and validity of  
script concordance test as an 
assessment tool
The reliability of SCT as an assessment tool has been 
investigated.2,6 A 60- to 90-minute examination will 
produce a Cronbach’s alpha of 0.70 to 0.85.7,25,27,28 
There are concerns, however, about inter-panellist 
errors in SCT; the use of Cronbach’s alpha in 
measuring the reliability of the test where partial 
credit model of scoring is used, ie multiple options/
responses are awarded either a full or fraction of 
allocated mark; and case scenarios that could create 
inconsistencies among items. 

As an assessment tool, SCT has been shown 
to be valid in assessing clinical reasoning.13,14,19,28 
Studies have shown that SCT scores correlate well 
with other assessment scores from the clinical years 
of the candidates.2

The construct validity of SCT questions can 
be examined by correlating the scores with the 
level of training to predict future performance on 
clinical reasoning. A recent study has compared the 
progression of clinical reasoning skills of medical 
students with those of a group of practising GPs who 
are also their Problem Based Learning group tutors.29 
Another study showed that there was a statistically 
significant gain in SCT performance over a 2-year 
period in two different cohorts of medical students 
using the same set of 75-item SCT.26 There was 
significant progression of clinical reasoning skills 
from medical students at the novice level through 
to practising GP clinicians, reflected by the higher 
scores in the GP group attempting the SCT questions. 
Empirical evidence supporting the construct 
validity based on progression of SCT scores with 
clinical experience from undergraduate students to 
postgraduate training has also been reported.2,5,24,30,31 
The construct validity of SCT has been questioned 
because of the logical inconsistencies as a result 
of partial credit scoring methodology making it 
possible for a hypothesis to be simultaneously more 
likely and less likely.32 Nonetheless, a certain degree 
of variability in panel scores has been shown to be a 
key determinant of the discriminatory power of the 
test and allows richness of thinking about clinical 
cases.33,34 Another study found that 27% of residents 
in one SCT administration scored above the expert 
panel’s mean, which may indicate issues with the 
construct validity, particularly in the credibility and 
validity of the scoring key and hence the resulting 
SCT scores interpretation.33 

Test-wise candidates would select the answers 
to be around ‘0’ rather than ‘-2’ or ‘+2’ if they noticed 
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that most panellist scores did not fall in the ‘extreme’ 
(-2 or +2) range due to the construct of the SCT 
questions and options. This could be avoided by 
first using the option descriptor of “much less likely 
(-2)” and “much more likely (+2)” rather than “ruling 
out the diagnosis” and “almost certain/definite 
diagnosis” as described in the format of SCT section 
above.19 Second, when collating the SCT questions 
into an examination paper, one could select a 
relatively equal number of items with both ‘extreme’ 
answers as well as median answers. Recent data have 
shown that by employing the above strategies in 
developing the paper, candidates who chose ‘0’ for 
all the questions would score only around 25% in 
the SCT examination and would gain no advantage 
(unpublished data). This is in contrast to the finding 
of another study wherein candidates who chose 
the midpoint scale (‘0’) performed better than the 
average candidate.32

The correlation of SCT scores with other 
modalities of assessment would be expected to be 
low as SCT is designed to measure clinical reasoning 
rather than factual or knowledge recall. The 
correlation coefficient between SCT and MCQ was 
poor (r=0.22), and that between SCT and extended 
matching questions (EMQ) was 0.46.4

Collating and moderating 
the expert reference panellist 
responses
In collating the SCT questions for use in a summative 
examination, appropriate clinical scenarios/
vignettes with the related diagnoses, investigations, 
and management should be selected according to 
the blueprint of the assessment. The clinical topics 
should have a good spread and represent core areas 
of learning that are relevant to the curriculum and 
appropriate to the level of training of the candidates.

In reviewing the expert panel responses to 
each question, bi-modal and uniform divergence 
responses should trigger a detailed scrutiny of the 
clinical vignette and the options. In the case of bi-
modal response (Fig 2a), the panel has an equal split 
of the best option between -2 and +2. This usually 
results from an error in the question or a controversial 
investigation or management option with discordant 
‘expert opinions’. A modification of the question and 
re-scoring will usually solve this issue. If re-scoring 
results in the same bi-modal response, the question 
should be discarded for scoring in the examination. 
In the case of uniform divergence responses (Fig 
2b), there is an equal spread in the number of 
members choosing all the five options. This usually 
signifies a non-discriminating question and the 
item should again be discarded. A discrete outlier 
response (Fig 2c) usually represents an error in the 
particular panellist’s decision or ‘clicking the wrong 

answer accidentally’ when the member should have 
answered -2 instead of +2. The ideal pattern would 
be relatively close convergence with some variation 
(Fig 2d).3

As mentioned previously, the set of questions 
in the SCT examination should be selected in such 
a way that there are similar numbers of full marks 
in each option across the five options. This will 
avoid the test-wise candidates being advantaged by 
selecting only the -1, 0, or +1 options and avoiding 
the extreme options of -2 and +2.3 By employing this 
strategy to select questions that cover the full 5-point 
Likert scale, test-wise students will only score 25% 
in the SCT examination if they choose the response 
of ‘0’ for all questions (unpublished data) compared 
with 57.6% in another cohort sitting a SCT test 
without the specific question selection process.32  

Standard setting the pass/fail 
cutoff score
In setting the pass/fail cutoff score of the SCT 
questions, the expert panels’ mean scores and 
standard deviations are chosen to guide the process. 
This is calculated by asking all the members of the 
panel to attempt the same set of SCT questions and 
their responses are then scored accordingly. The 
borderline score of the undergraduate students is 
usually set at 3 to 4 standard deviations below the 
expert panel’s mean score.3,35 Studies have shown 
that using recent graduates or fellows in training 
might result in a mean score that is closer to the 
students’ mean and therefore a smaller number of 
standard deviations would be more appropriate.3  

Other methods of standard setting include 
using the single correct answer method.29,36 Standard 
setting of a pass/fail cutoff score is an area that 
warrants ongoing research to inform and improve 
the practice of using SCT as a summative assessment 
tool for clinical data interpretation and decision-
making skills.

The use of script concordance test 
in the Asia-Pacific region and its 
limitations
Examinations using SCT have been successfully 
implemented in the school-entry medical 
schools in Indonesia, Singapore, Taiwan, and 
Australia3,7,36,37; and in graduate-entry medical 
schools in Australia.29,38 Such test has the potential 
to supplement MCQ and SAQ to test the higher-
order thinking of medical candidates to allow a more 
robust overall written assessment in the assessment 
programme. In fact, SCT is one of the few currently 
available assessment tools for clinical reasoning in 
a written format.28 It can be implemented relatively 
easily in the paper-based format or online. Initial 
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pilot examinations can be set as a formative exercise 
to enhance candidates’ feedback and learning.24 
Further collaboration with other institutions to 
develop, score, and share question items can ensure 
effective and efficient delivery of such examinations.

Limitations to the widespread usage of SCT 
could be due to: difficulties in developing good-
quality SCT clinical scenarios, concerns about the 
validity of the test, recruiting a sufficient number of 
appropriate expert clinicians for the reference panel, 
lack of a general consensus in setting the borderline 
pass mark, and the candidates’ familiarity with the 
question format.3,24,25,28,32,34

Conclusions
This article attempts to review the current 
use of SCT in assessing clinical reasoning and 
data interpretation skills in undergraduate and 
postgraduate medicine. The empirical evidence 
reported for the reliability and validity of SCT 
scores from existing literature seems encouraging. 
Approaches to develop quality items, moderation 
of expert panel scoring and these post-hoc quality 
assurance measures, and optimisation of scoring 
scale will to a certain extent mitigate the threat 
to the validity of SCT score interpretation and 

its use for summative examination purposes. 
Combining SCT (testing the clinical reasoning and 
data interpretation skills with authentic written 
simulations of ill-defined clinical problems set at the 
‘knows how’ level) with MCQ/SAQ/EMQ (testing 
the ‘knows’ and ‘knows how’), objective structured 
clinical examination (testing ‘shows how’), and 
workplace-based assessment (testing the ‘does’) in 
the medical curriculum will enhance the robustness 
and the credibility of the assessment programme.

Further research into the use of SCT in both 
undergraduate and postgraduate medical education 
is warranted, particularly on standard setting for the 
pass/fail cutoff score and best practices that may 
help reduce the threat to the validity of SCT scores.
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Synopsis of Chapter 2 

Chapter 2 covers a general overview of published literature on the development and 

implementation of Script concordance testing (SCT) in medical education. A brief 

discussion on the importance of moderation of expert panel responses and item 

selection to improve the quality of SCT was presented. The use of SCT in the Asia- 

Pacific region was also presented. The limitations and threats to the validity of SCT 

were highlighted. Building on the above background, the next chapter will report 

findings from an investigation on the real word actual characteristics of medical 

students’ response patterns in the summative high stakes examinations, to confirm or 

refute the alleged threats to the validity of the SCT scores where students avoid 

extreme response options as an attempt to gain a higher score. 
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Chapter 3: Association between candidate total 

scores and response pattern in script concordance 

testing of medical students  

This chapter contains the paper titled “Association between candidate total scores and 

response pattern in script concordance testing of medical students” published in Focus 

on Health Professional Education: A Multi-disciplinary Journal (ERA Journal). 

2017;18(2):26-35. 

Statement of Contribution by Others: please refer to Appendix 2 

Foreword 

The following published article investigated the response patterns of 6 cohorts of 

clinical year medical students in the study context, to support or refute the reported 

concerns in the literature that students would avoid extreme response options as a test 

wise strategy in the SCT examination.  

This is the peer reviewed version of the above article, which has been published in 

final form at Focus on Health Professional Education: A Multi-disciplinary Journal 

(ERA Journal). 2017;18(2):26-35 (http://dx.doi.org/10.11157/fohpe.v18i2.145)  

http://dx.doi.org/10.11157/fohpe.v18i2.145
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Abstract
Introduction: The script concordance test (SCT) aims to test clinical decision making 
and clinical reasoning. This study is a preliminary attempt to understand an alleged test-
taking strategy where students avoid extreme response options, potentially threatening the 
validity of SCT scores. We investigated whether there is a significant association between 
the propensity to avoid the extreme response options and candidates’ overall SCT scores.
Methods: The SCT scores of 660 clinical-year medical students (six cohorts from 
2013–2015) were analysed for a possible association with candidates’ response pattern. 
The proportion of middle range response options was calculated. Propensity to avoid 
extreme response options is defined as a response pattern with 15% or more of middle-
range responses compared to those of the expert reference panel. The distribution for 
candidates with propensity to avoid the extreme options was further investigated using 
chi-square statistics for possible association with their overall SCT results.
Results: Fifty-five percent of the students from the lowest quartile, compared to 30% 
from the top quartile, had shown a propensity to avoid the extreme options. The 
differences were statistically significant (p < 0.001) and were consistent among all six 
cohorts included in this study.
Conclusions: Students whose SCT scores are in the lowest quartile are more likely to 
avoid the extreme response options in answering SCT questions. For quality assurance 
in high stakes summative SCTs, it may be worthwhile to select items with expert 
reference panel’s modal answers covering the full 5-point response options. 
Keywords: medical education; script concordance; clinical reasoning; assessment.
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Introduction

The script concordance test (SCT) was introduced in 2000 by Charlin, aiming to assess 
the higher-order clinical reasoning skills of medical students (Charlin, Roy, Brailovsky, 
Goulet, & van der Vleuten, 2000). It is a useful assessment tool to test clinical reasoning 
and data interpretation skills, and has been shown to be valid (Lubarsky, Vleuten, 
Charlin, Chalk, & Cook, 2011).

The SCT is a written format currently in widespread use internationally to test clinical 
reasoning in health professional education. In recent years, the SCT has been used 
in various medical disciplines, such as internal medicine, paediatrics, emergency 
medicine, neurology, surgery, anaesthesia and radiology (Boulouffe, Doucet, Muschart, 
Charlin, & Vanpee, 2014; Brazeau-Lamontagne, Charlin, Gagnon, Samson, & van der 
Vleuten, 2004; Carrière, 2009; Drolet, 2015; Nouh et al., 2012; Tan, Tan, Kandiah, 
Samarasekera, & Ponnamperuma, 2011). The SCT has also been used to assess other 
discipline areas where classical written multiple-choice questions (MCQs) or short-
answer questions (SAQs) are difficult to develop, for example, in assessing medical 
ethical principles and professionalism (Foucault, Dubé, Fernandez, Gagnon, & Charlin, 
2015; Tsai, Chen, & Lei, 2012). While more traditional assessment formats such as 
MCQs and SAQs tend to assess students’ lower taxonomic orders of thinking, SCT 
questions can be used to assess a higher order of thinking (Palmer, Duggan, Devitt, & 
Russell, 2010). Some forms of modified essay questions (MEQs) have been shown to 
fail to assess higher cognitive skills and have been replaced with a SCT examination 
(Duggan & Charlin, 2012; Palmer et al., 2010).

The SCT has been shown to be both valid and reliable in several studies, including a 
country-wide validation study (Dory, Gagnon, Vanpee, & Charlin, 2012; Lubarsky 
et al., 2011; Nouh et al., 2012; Wan, 2015). The reliability of a 60 to 90-minute 
examination had a Cronbach alpha of 0.7–0.85 (Nouh et al., 2012; See, Tan, & Lim, 
2014). Evidence supporting the construct validity based on the progression of SCT 
performance related to the clinical experience from undergraduate students to post-
graduate fellowship training has also been reported (Ducos et al., 2015; Lambert, 
Gagnon, Nguyen, & Charlin, 2009; Wan, 2014).

The SCT assessment format has been successfully implemented in undergraduate and 
graduate-entry medical schools, residency and fellowship training worldwide as well 
as in nursing schools (Chang et al., 2014; Dawson, Comer, Kossick, & Neubrander, 
2014; Duggan & Charlin, 2012; Irfannuddin, 2009; Kow, Walters, Karram, Sarsotti, 
& Jelovsek, 2014; Nouh et al., 2012; Palmer et al., 2010). In fact, SCT is one of the 
few currently available assessment tools for clinical reasoning in the written format 
(Nouh et al., 2012). It can be implemented relatively easily in the paper-based format 
or online, and the scoring can be done electronically. 

In a typical SCT question, candidates are presented with a clinical scenario followed 
by an additional piece of information. They are then asked for the probability of the 
suggested diagnosis or the appropriateness of a proposed investigation or management. 
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The descriptors for the response options range from ruling out/contraindicated (-2), 
less likely/less appropriate (-1), neither less nor more likely/appropriate (0), more likely/
appropriate (+1) to definitive diagnosis/absolutely necessary (+2).

This process reflects how practising clinicians retrieve their “illness scripts” or network 
of previous clinical experience (about similar patient encounters) when faced with 
uncertainty with diagnosis, investigation or management (Lubarsky et al., 2011; 
Wan, 2015). 

In order to allow the students to choose from the full range of the five response options, 
“much less likely (-2)” rather than “ruling out the diagnosis” and “much more likely 
(+2)” rather than “definitive diagnosis” are used in the questions in our school (Wan, 
2015). Two sample SCT questions on diagnosis and management are shown in Figure 1.

To score these SCT questions, the student’s decision is compared to that of a reference 
expert clinician panel. Students are able to score marks according to the “concordance” 
in the decision with the majority of the panel. A partial score is given if the decision 
concurs with a minority of the panel. 

Clinical Scenario A
A 42-year-old women presents to the general practice with a lump 
in the neck which moves upward on swallowing. 

If you were 
thinking of …

and then you 
find that …

this hypothesis 
becomes …

-2:
-1:
0:

+1: 
+2: 

much less likely
less likely
neither more nor less likely
more likely
much more likely

1 Multinodular goitre The lump is smooth 
and measures around 
3 cm in diameter

  A  B    C      D    E
-2  - 1   0   +1   +2

2 Follicular carcinoma 
of the thyroid 

A hard lymph node 
is palpable in the 
left cervical chain

  A  B    C      D    E
-2  - 1   0   +1   +2

3 Toxic nodular goiter His pulse rate is 60 
bpm and he has no 
significant weigh loss

  A  B    C      D    E
-2  - 1   0   +1   +2

Clinical Scenario B
A 45-year-old woman with a history of asthma presents with acute shortness of 
breath. She is afebrile. On examination, there is a diffuse expiratory wheeze.

If you were 
thinking of …

and then you 
find that …

then your plan of 
action becomes …

-2:
-1:
0:

+1: 
+2: 

much less likely
less likely
neither more nor less likely
more likely
much more likely

4 Giving morphine 
for her distress

Her PO2 is 55 
mmHg and her 
PCO2 is 60 mmHg

  A  B    C      D    E
-2  - 1   0   +1   +2

5 Giving 
hydrocortisone 
intravenously

Her blood glucose 
is 24.2 mmol/L

  A  B    C      D    E
-2  - 1   0   +1   +2

6 Giving 5 mg 
salbutamol  
by nebuliser

Her pulse rate 
is 130 bpm

  A  B    C      D    E
-2  - 1   0   +1   +2

Figure 1. Sample SCT questions.
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An example of using a formula to calculate the weighted scores is shown in Table 1.

Recent literature on the SCT highlighted the observation that the SCT format of 
aggregate partial credit scoring can be subjected to the validity threat of candidates’ 
test-taking strategy of simply avoiding the extreme response options (Lineberry, Kreiter, 
& Bordage, 2013). This is similar to the response style coaching strategies described 
in situational judgment tests that could increase the candidates’ scores significantly 
(Cullen, Sackett, & Lievens, 2006; McDaniel, Psotka, Legree, Yost, & Weekley, 2011). 
Candidates might choose to avoid the extreme response options (-2 or +2) thinking 
that the probability of these responses being correct would be low, or they might have 
a lack of confidence in choosing such extreme options.  

Aims

In the present study, we investigated whether or not there is a significant association 
between the propensity to avoid the extreme response options in SCT (-2 or +2) and 
the overall SCT scores.

Methods

Participants

In 2013–2015, SCT examinations were implemented in our graduate-entry medical 
school in NSW, Australia. We collected de-identified data from six clinical SCT written 
examinations undertaken by three successive cohorts of penultimate-year clinical 
students and three successive cohorts of final-year clinical students (n = 660). A set of 
40 SCT items was given in each examination. The reference panels consisted of clinician 
experts who were actively involved in teaching the students, general practitioners and 
academics. Scoring of the items was done according to the formula described in Table 1. 

Analysis

We have operationalised propensity in “avoiding the extreme response options” as cases 
where a candidate’s proportion of answers in the middle range (-1, 0, +1) for all 40 
items in the SCT was 15% higher than that of the reference panel’s. For example, if the 
reference panel’s response pattern showed 50% of responses in the middle range (-1, 0, 
+1) in a SCT, then if a student’s response pattern showed 67.5% of the answers chosen
were in the middle range (-1, 0, +1), the student would be deemed to be adopting a
test-taking strategy in avoiding the extreme options (-2 or +2).

Table 1
Formula to Calculate the Weighted Scores in the SCT

Response Options -2 -1 0 +1 +2
Number of clinicians choosing the answer (out of 10) 7 3 0 0 0

Formula 7/7 3/7 0/7 0/7 0/7

Student’s score 1 0.43 0 0 0
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De-identified data in the form of candidates’ response pattern in individual SCT items, 
their total SCT scores, as well as the response data from the expert reference panel were 
collated and analysed. The proportion of responses to SCT items in the middle-range 
response options (i.e., -1, 0 and +1) for individual candidates were calculated. They 
were compared with an expert reference panel’s responses, to identify cases of avoidance 
of extreme-response options. 

Chi-square test of association between propensity in avoiding extreme options by 
candidates and their actual performance in SCT, i.e., the quartile where their overall 
SCT scores were located within the cohort, was analysed using IBM SPSS© package 
version 23. 

Ethics approval was given by the Human Research Ethics Committee of the University 
of Notre Dame, Australia.

Results

A total of 660 clinical-year students from six cohorts in the school (three from final year 
and three from the third year in the four-year medical course) sat the SCT examination.

Using a chi-square test of independence to compare the frequency of avoidance of 
extreme-response options and the quartile of candidates’ overall performance in SCT, a 
significant association was found ( 2 (3, 660) = 26.29, p < 0.001) (Table 2). Candidates 
whose SCT scores were in the lowest (first) quartile were more likely to avoid the 
extreme response options (55%) than other students. This was followed by students 
in the second quartile (45%) and then students in the third quartile (33%). Students 
whose SCT scores were in the top quartile had the lowest incidence of avoidance of 
extreme-response options (30%).

Table 2
Chi-square Test of Independence Between Candidates' Avoidance of Extreme Responses and Percentile Rank of 
Their Overall SCT Performance

Percentile Rank of SCT Scores (pooled data from 2013–2015 cohorts)
Chi-square test 
of association

Avoidance 
of Extreme 
Response 
Options

25th percentile 
rank and below  
(i.e., lowest 25% 
of SCT scores  
in cohort)
Count (%)

25th percentile 
rank to 50th 
percentile rank

Count (%)

50th percentile 
rank to 75th 
percentile rank

Count (%)

75th percentile 
rank and above  
(i.e., highest 25% 
of SCT scores 
in cohort)
Count (%)

Total  
N

X2  
(df)

p

(n = 165) (n = 165) (n = 165) (n = 165)

Yes 90 (54.55) 74 (44.85) 55 (33.33) 49 (29.70) 660 26.29 
(3)

< 0.001

No 75 (45.45) 91 (55.15) 110 (66.67) 116 (70.30)
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The aforementioned observation from the chi-square analysis of pooled data from 
2013–2015 was also evident in the data within each of the cohorts (2013 to 2015). 
This is reported in Table 3 and Figure 2.

Table 3
Chi-square Test of Independence Between Candidates' Avoidance of Extreme Responses and Percentile Rank of 
Their Overall SCT Performance—by Cohort (2013 to 2015)

Avoidance of extreme
Response Options

Chi-square  
test of association 

Yes No Total (N) 2 (df,N)

Quartile/
Percentile 
Rank of SCT 
Scores— 
2013 cohort

Lowest quartile for SCT scores  
(i.e., lowest 25% of SCT 
scores) Count (%)

14 (26.42) 39 (73.58)

212

2 (3,212) 
= 8.58 

p = 0.035

2nd quartile for SCT scores  
(25th percentile rank to 50th 
percentile rank) Count (%)

6 (11.32) 47 (88.68)

3rd quartile for SCT scores  
(50th percentile rank to 75th 
percentile rank) Count (%)

4   (7.55) 49 (92.45)

Top quartile for SCT scores  
(i.e., highest 25% of SCT 
scores) Count (%)

7 (13.21) 46 (86.79)

Quartile/
Percentile 
Rank of SCT 
Scores— 
2014 cohort

Lowest quartile for SCT scores  
(i.e., lowest 25% of SCT 
scores) Count (%)

44 (77.19) 13 (22.81)

228

2 (3,228) 
= 12.14 

p = 0.007

2nd quartile for SCT scores  
(25th percentile rank to 50th 
percentile rank) Count (%)

38 (66.67) 19 (33.33)

3rd quartile for SCT scores  
(50th percentile rank to 75th 
percentile rank) Count (%)

30 (52.63) 27 (47.37)

Top quartile for SCT scores  
(i.e., highest 25% of SCT 
scores) Count (%)

28 (49.12) 29 (50.87)

Quartile/
Percentile 
Rank of SCT 
Scores— 
2015 cohort

Lowest quartile for SCT scores  
(i.e., lowest 25% of SCT 
scores) Count (%)

32 (58.18) 23 (41.82)

220

2 (3,220) 
= 13.45 

p = 0.004

2nd quartile for SCT scores  
(25th percentile rank to 50th 
percentile rank) Count (%)

27 (49.09) 28 (50.91)

3rd quartile for SCT scores  
(50th percentile rank to 75th 
percentile rank) Count (%)

21 (38.18) 34 (61.82)

Top quartile for SCT scores  
(i.e., highest 25% of SCT 
scores) Count (%)

14 (25.45) 41 (74.55)
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Discussion 
Data from our study shows a significant negative association between overall SCT scores 
and the propensity to avoid the extreme-response options. This negative association 
suggests that candidates who tend to avoid extreme-response options do not achieve 
inflation of their SCT scores, in contrast to the findings from Lineberry, Kreiter and 
Bordage (2013). A further follow-up study using post-hoc simulation and rescoring of 
SCT data will provide more evidence on the actual impact of extreme-response options 
avoidance on candidates’ overall SCT scores. 

The response pattern, that is, propensity to avoid extreme options, of the students 
whose SCT scores were in the lowest quartile, could be due to a test-taking strategy 
or avoidance of the extreme-response options simply because they were not confident 
about the likelihood of a diagnosis or management plan (due to poor command of basic 
clinical science knowledge). Such avoidance obviously did not advantage them in terms 
of getting higher scores.  

The aforementioned findings could be a result of some pre-emptive strategies in the 
study context. Apart from fulfilling the usual blueprinting in ensuring a sufficient 
spread of clinical scenarios for representativeness of item sampling for each SCT paper, 
items with roughly equal number of full marks in each option across the five response 
options are selected from the SCT-item pool. In other words, to mitigate the impact 
of any test-taking strategies that may have been adopted by students, we select SCT 
items with modal answers from the expert reference panel that cover the full 5-point 

Figure 2. Percentage avoidance of extreme-response options in SCT by candidates' overall performance by quartile 
in SCT scores. 
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Likert scale response options. Students should not be advantaged or disadvantaged 
by selecting predominantly the “-1”, “0” or “+1” response options and avoiding the 
extreme options of “-2” and “+2”. Student performance on SCT tests will then more 
likely reflect student expertise in clinical reasoning rather than expertise in test-taking 
behaviour, or confidence in reaching a definitive decision.    

While the data for this study only came from one medical school, the study sample 
was reasonably large (n = 660) and included six cohorts of students. The findings and 
resulting recommendations related to construction of SCT items should be generalisable 
to other settings. A limitation of this study is the pure quantitative method used in the 
analysis. A think-aloud protocol would have been useful to analyse the actual reasons 
behind the candidates’ avoidance of the extreme-response options in SCTs. 

Therefore, another study is underway to look at the underlying reasons for candidates 
avoiding the extreme responses. A focus group discussion and think-aloud analysis 
will look deeper into what is in the students’ mind when they choose to avoid the 
extreme-response options in SCT, i.e., whether this avoidance behaviour is due to lack 
of confidence in their command of clinical science knowledge for clinical reasoning 
and decision making, or it is a conscious test-taking strategy employed by the students.  

Before conclusive recommendations can be made, further work to investigate the issue 
of potential threats to validity of SCT scores are crucial, particularly using empirical 
data from other medical schools using SCT as an assessment modality. A simulation 
study through post-hoc rescoring of current SCT data set (as briefly mentioned before) 
will be conducted in this study context to further investigate the extent of score inflation 
in SCT as a result of complete avoidance of extreme-response options (by recoding “-2” 
to “-1”; “+2” to “+1”) or as a result of only choosing “0” as the answer to all items which 
were performed by other colleagues (Lineberry et al., 2013; See et al., 2014).

Conclusions

Students whose SCT scores are in the lowest quartile seem more likely to avoid the 
extreme-response options in answering SCT questions. 

Developing good-quality SCT questions is not easy. As with all other assessment 
modalities, careful planning and development of SCT items, along with necessary 
quality assurance and quality monitoring mechanisms, are crucial to mitigate possible 
threats to the validity of SCT scores. Acknowledging the vulnerability of SCT scores 
to possible validity threats due to the format of SCT response options and the 
characteristics of aggregate partial-credit scoring models is crucial. As demonstrated 
by the study findings, careful construction and selection of items that can be built into 
the SCT development procedures may be helpful to mitigate some of the plausible 
threats to validity of SCT scores. Particular care should be taken to develop SCT items 
that could attract the full range of the 5 response options available for student answer 
choice. In other words, the additional pieces of new information should result in the 
consideration of “-2” and “+2” as well as “-1”, “0” and “+1” options.
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Synopsis of Chapter 3 

Chapter 3 reported evidence based on the data collected in the study context, in actual 

summative examination settings, that the students in the lowest quartile of SCT scores 

were more likely to avoid the extreme response options in answering SCT questions. 

The alleged test-taking strategy could potentially threaten the response process validity 

of SCT scores. Findings from this study indicated that for high stakes summative 

examinations, careful selection of SCT items with expert reference panel’s modal 

answers covering the full 5-point response options appears necessary, to mitigate this 

test taking strategy and improve the validity of the test scores.  
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Chapter 4: Improving the validity of script 

concordance testing by optimising and balancing 

items 

This chapter contains the paper titled “Improving the validity of script concordance 

testing by optimising and balancing items” published in Medical Education (ERA 

Journal) 2018;52(3):336-46.  

Statement of Contribution by Others: please refer to Appendix 3 

Foreword 

With evidence from the study reported in Chapter 3 that lower performing students 

more commonly avoid the extreme response options in SCT, a follow-up post-hoc 

simulation study tested the hypothesis that test-wise students’ SCT scores were 

inflated through deliberate avoidance of extreme responses; and deliberate selection 

of only the neutral responses. This study also investigated whether better optimisation 

and balancing of the items in the SCT paper could help to mitigate the possible score 

inflation from test-wise answering strategies; therefore mitigating some of the 

response process validity threats to the SCT test scores.  

Approval granted from Journal Editor for inclusion in the Thesis (Appendix 9). 
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Improving the validity of script concordance testing by
optimising and balancing items
Michael SH Wan,1 Elina Tor1 & Judith Nicky Hudson2

BACKGROUND A script concordance test
(SCT) is a modality for assessing clinical
reasoning. Concerns had been raised about
the plausible validity threat to SCT scores if
students deliberately avoided the extreme
answer options to obtain higher scores. The
aims of the study were firstly to investigate
whether students’ avoidance of the extreme
answer options could result in higher scores,
and secondly to determine whether a
‘balanced approach’ by careful construction of
SCT items (to include extreme as well as
median options as model responses) would
improve the validity of an SCT.

METHODS Using the paired sample t-test, the
actual average student scores for 10 SCT
papers from 2012–2016 were compared with
simulated scores. The latter were generated by
recoding all ‘�2’ responses to ‘�1’ and ‘+2’
responses to ‘+1’ for the whole and bottom
10% of the cohort (simulation 1), and scoring
as if all students had chosen ‘0’ for their
responses (simulation 2). The actual average

and simulated average scores in 2012 (before
the ‘balanced approach’) were compared with
those from 2013–2016, when papers had a
good balance of modal responses from the
expert reference panel.

RESULTS In 2012, a score increase was seen
in simulation 1 in the third-year cohort, from
50.2 to 55.6% (t [10] = 4.818; p = 0.001).
Since 2013, with the ‘balanced approach’, the
actual SCT scores (57.4%) were significantly
higher than scores in both simulation 1 and
simulation 2 (46.7% and 23.9% respectively).

CONCLUSIONS When constructing SCT
examinations, apart from the rigorous pre-
examination optimisation, it is desirable to
achieve a balance between items that attract
extreme responses and those that attract
median response options. This could mitigate
the validity threat to SCT scores, especially for
the low-performing students who have
previously been shown to only select median
responses and avoid the extreme responses.
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INTRODUCTION

A script concordance test (SCT) is a modality for
assessing clinical reasoning and data interpretation
skills in the context of uncertainty. The SCT,
introduced in 2000 by Charlin, aimed to assess the
higher-order clinical reasoning skills of medical
students.1

In a classical SCT question, a clinical scenario is
presented in the question stem and the students are
then asked to assess whether an additional piece of
information increases or decreases the probability
of the proposed diagnosis, investigation or
management on a five-point Likert scale. In an SCT
question looking at the probability of a diagnosis,
for example, if the additional information makes
the probability of the diagnosis much more likely,
the student will choose ‘+2’, for more likely a ‘+1’,
for neither less nor more likely a ‘0’, for less likely a
‘�1’, and for much less likely a ‘�2’. A sample SCT
question is shown in Table 1. Each question under
the same clinical scenario is intended to be
independent of the other questions; that is, each
additional piece of information is not influencing

the probability of the diagnosis in the other
questions. For Q3 in the sample questions, in
thinking of the diagnosis of carcinoma of the colon,
the student will not consider the additional
information of a normal blood glucose or thyroid
stimulating hormone (TSH) level.2 Although it can
be hard for examinees to simply ‘disregard’
previous hypotheticals and data in each question,
they are reminded of the need to do this during
the pre-examination briefing.

To score the SCT items, the student’s selection is
compared with the decision of an expert clinician
panel. A full mark will be given if the student’s
response is in concordance with the majority of the
panel (that is the panelists’ modal response). A
partial score will be awarded if the response is in
concordance with the minority and a zero score for
a response that no panelist had selected. An
example of the scoring system is shown in Table 2.3

A minimum of 10 and preferably 15 clinicians
would make the scoring process more reliable.4

The SCT has been used in undergraduate medical
school examinations as well as in postgraduate
fellowship training. Successful implementation of

Table 1 Sample script concordance test questions

Clinical scenario

A 45-year-old woman presents to the general practitioner clinic with weight loss of 5 kg in 2 months. She has no significant past

medical history.

If you were thinking of . . . and then you find that . . . this hypothesis becomes . . .

Q1. Diabetes mellitus Normal fasting blood sugar A B C D E

�2 �1 0 +1 +2

Q2. Graves’ disease Normal TSH level A B C D E

�2 �1 0 +1 +2

Q3. Carcinoma of the colon A normal digital rectal examination A B C D E

�2 �1 0 +1 +2

�2: much less likely; �1: less likely; 0: neither more nor less likely; +1: more likely; +2: much more likely. TSH = thyroid stimulating
hormone

Table 2 Formula to calculate the weighted scores in script concordance testing

Response options �2 �1 0 +1 +2

Number of clinicians choosing the answer (out of 10) 7 2 1 0 0

Formula 7/7 2/7 1/7 0/7 0/7

Student’s score 1 0.29 0.14 0 0

ª 2018 John Wiley & Sons Ltd and The Association for the Study of Medical Education;
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script concordance testing has been documented in
medicine, surgery, paediatrics, emergency medicine,
anaesthesia, psychiatry and ethics.5–10 Script
concordance testing has also been used to assess
clinical reasoning in other health care professions
(e.g. optometry and physiotherapy).11,12 There is
evidence of SCT validity and reliability in the
literature9,13–15 but these remain issues of ongoing
debate.16,17 The reliability of SCT scores has been
reported to be around a Cronbach’s alpha value of
0.7–0.85.9,14 The construct validity of script
concordance testing has been shown by various
studies demonstrating progression of SCT scores
from undergraduate medical students to
postgraduate fellows in training.8,15,18–20

However, a recent study has suggested that the
aggregate partial credit scoring method used in SCTs
could be subjected to validity threats.17 Lineberry et al.
showed that students who avoided selecting the
extreme response options (i.e. ‘�2’ or ‘+2’) as a
‘strategic’ answering approach outperformed other
examinees who used the Likert scoring scale as it was
intended (consideration of all response options). In
their study involving selected SCT of 40 items, these
authors found that by simulating the avoidance of
extreme response options and recoding all responses
of ‘�2’ and ‘+2’ to ‘�1’ and ‘+1’, respectively, a
phenomenon they called ‘score inflation’ was observed
(i.e. the hypothetical examinees’ mean score increased
from 49.5 to 69.2%). In the same test, a hypothetical
examinee who only choose to answer ‘0’ for all items
would score 57.6%, which would be 8% more than the
cohort mean score not using this strategy.17 This
significant increase in the examinees’ scores is similar
to the response-style coaching strategies described
in situational judgement tests, which also use a partial
aggregate scoring approach.21,22

In another study using two sets of 96-item SCTs on
pulmonary and critical care for postgraduate
trainees, simply avoiding extreme answers boosted
the Z-scores of the lowest 10 scorers on both SCT
sets by ≥1 SD.14 The author concluded that
increasing the proportion of SCT items with extreme
response options (i.e. ‘+2’ and ‘�2’) would attenuate
the potential benefit in scores from adopting an
‘avoidance of extreme responses approach’.

Earlier research has revealed that students whose
SCT scores were in the lowest quartile were more
likely to avoid the extreme answer options in
answering SCT questions.23 Given this finding and
prior research demonstrating that students who
only selected median responses could potentially

achieve SCT examination scores that reflected their
test taking, rather than clinical reasoning abilities,17

further research was warranted to test this
hypothesis in another setting.

Aims

The study had the following three aims.

1 To investigate whether avoiding the extreme
options in SCTs would result in an increase in
the average SCT scores for the whole cohort or
for the bottom 10% of cohorts.

2 To investigate through a simulated scoring
activity, the outcome of examinees who select
only the ‘neutral’ options (‘0’).

3 To determine whether use of pre-examination
test optimisation by selecting a logical ‘ideal’
response pattern, and careful construction of
SCT items (to include items with both extreme as
well as median responses as the modal responses
from the expert reference panel), would reduce
the likelihood of students benefiting from a
potential ‘strategic answering approach’, and
improve the validity of the SCT scores.

METHODS

Preparation of SCT items and expert panel
responses

The School has been implementing SCTs in the
summative examinations for Year 3 and Year 4
clinical students in the 4-year graduate-entry medical
programme since 2012. Each SCT examination
contains 40 SCT items incorporated as the second
part of a multiple-choice written paper. The SCT
examination in each year covers different disciplines
aligning with the specialty teachings relevant to the
year; for example, paediatrics, psychiatry, medicine,
and obstetrics and gynaecology in Year 3, and
anaesthesia, emergency medicine and surgery in Year
4. Therefore, the SCT questions are different
between Year 3 and Year 4. After the Year 3
summative examination, no specific feedback is given
to the students as the database of summative SCT
questions is limited. However, practice SCT questions
with the respective expert clinician panel scores are
provided in the middle of the year to each year group
as a formative examination.

The expert clinician reference panel consists of
practising specialists and general practitioners who
are currently involved in the teaching and

ª 2018 John Wiley & Sons Ltd and The Association for the Study of Medical Education;
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supervision of the students. The number of
clinicians in the panel ranges from 15 to 20
depending on the year of the examination. As
previously reported, to set the pass or fail score of
each SCT examination we used the expert reference
panel’s mean minus 4 standard deviations (SDs) as
the cut-score.7

Test optimisation processes

After each panel’s scoring, a test optimisation process
is conducted where questions with (i) bimodal, (ii)
uniform divergence and (iii) discrete outlier
responses from the panel are discarded, reducing
expert disagreement in the answers. The remaining
items are all with the (iv) logical ‘ideal’ response
pattern from the expert reference panel, to ensure
accuracy of content in the SCT items. As a result, only
items when the expert panel mostly agrees about the
correct responses (the ‘ideal’ response) are selected
for the SCT examination. Examples of these
responses are shown in Fig. 1.2

This optimisation process is an existing inherent
validity measure in the SCT development process,
and is quite different from the usual ‘canonical’
approach in SCT item selection.24 In each year, as a

result of this optimisation process, around 20–30%
of the SCT items are discarded or modified because
of this discordance in response pattern amongst
clinicians (i.e. extreme expert disagreement) on the
panel. The process is an important quality control
measure in SCT examination development to
ensure both the content and construct validity of
the test.

Starting from 2013, apart from fulfilling the usual
assessment blueprint and the above-mentioned test
optimisation process, an additional quality
assurance process has been in place to ensure each
SCT paper is made up of items with a roughly equal
distribution of extreme (‘�2’ or ‘+2’) and median
(‘�1’, ‘0’ or ‘+1’) modal responses by the expert
reference panel. This is referred to here as the
‘balanced approach’.

A sample SCT examination with this ‘balanced
approach’ is shown in Table 3.

Data analysis

Simulation 1. Simulation 1 involved post-hoc recoding
of all ‘�2’ responses to ‘�1’ and ‘+2’ responses to
‘+1’. Actual average SCT scores and the average
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Figure 1 Expert panel responses to questions in a script concordance test. Bimodal response (a), uniform divergence
response (b), discrete outlier response (c) and ideal response (d)
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scores after simulated rescoring, for the whole
cohort, were firstly analysed by score quartiles, to
investigate a possible ability-treatment effect. Then,
average SCT scores for the bottom 10% in each
academic year from 2012 to 2016 were compared
with the respective simulated average scores using
the paired sample t-test.

Simulation 2. The second simulation involved
scoring as if all students had chosen ‘0’, the
‘neutral’ response option in the middle of the
Likert-style response scale, for their responses to all
40 SCT items.

An example of the two simulations is shown in
Table 4. The two simulations were performed to
replicate the two previous studies raising concerns
about the validity threats to SCT scores as a result of
a potential student strategy of avoiding extreme
answer options.14,17 To also investigate the impact of
a ‘balanced approach’ to SCT test construction,
which has been adopted since 2013, pre-intervention
scores from 2012 were compared with post-
intervention scores (2013–2016). The paired sample

t-test was used for statistical analysis of the
comparisons (IBM, SPSS, Inc., Chicago, IL, USA; 24).

Ethical approval was obtained from the University’s
Human Research and Ethics Committee.

RESULTS

Distribution of modal responses from the expert
reference panel: SCT 2012–2016

From 2012 to 2016, SCT has been introduced as part
of the assessment programme for the Bachelor of
Medicine, Bachelor of Surgery (MBBS) course and a
total of 10 cohorts of 120 students each have been
examined during this time. Since 2013, with the
‘balanced approach’, there has been a balance of
items with extreme (‘�2’ or ‘+2’) modal responses
(45–55%) and median (‘�1’, ‘0’ or ‘+1’) modal
responses (45–55%). The actual distribution of the
median and extreme responses among the 40-item
examinations for the 5 years is shown in Table 5.

Simulation 1: effect on SCT scores

The effect of simulation 1 (recoding of extreme
answer options) on SCT scores for all students in
each academic year, analysed by quartile, was
examined. Figure 2(a–e) shows the original and
simulated scores from 2012 to 2016, respectively, by
quartiles. In 2012 (Fig. 2a), before the ‘balanced
approach’ was introduced, the avoidance of extreme
answer options did not seem to have a huge impact
on SCT scores, as indicated by the closeness
between the two line-graphs for original and post-hoc
simulated recoded scores. Figure 2(a) also shows
that in 2012, students in the bottom quartile may

Table 3 Sample 2016 script concordance test examination
showing panelist’s scores and spread of full marks (modal
responses) across median and extreme responses (the
‘balanced approach’)

2016

Year 4

Q no. A (�2) B (�1) C (0) D (+1) E (+2)

1 0.00 0.00 0.00 0.75 1.00

2 0.00 0.56 1.00 0.00 0.00

3 0.44 1.00 0.11 0.00 0.00

4 0.00 0.00 0.00 0.75 1.00

5 0.00 0.00 0.00 0.44 1.00

6 0.00 0.08 1.00 0.00 0.00

. . . . . . . . . . . . . . . . . .

37 1.00 0.29 0.00 0.00 0.00

38 0.00 0.00 0.00 0.80 1.00

39 0.00 0.00 0.17 1.00 0.67

40 0.33 0.50 1.00 0.00 0.00

Spread 8 9 6 5 12

Total

Extreme 20

Median 20

All full marks (modal responses) highlighted in bold.

Table 4 Example of recoding involved in simulations 1 and
2

Script

concordance

test item no.

Actual

response Simulation 1 Simulation 2

1 �2 �1 0

2 0 0 0

3 +1 +1 0

4 +2 +1 0

5 �2 �1 0

6 �1 �1 0
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have achieved slightly higher SCT scores simply by
avoiding the extreme answer options. For 2013–
2016 (with the ‘balanced approach’), avoidance of
extreme answer options has clearly resulted in a
significantly lower score across the whole cohort
irrespective of the performance quartile.

As a result of our experience and reports from the
literature concerning the test-taking strategies
potentially adopted by poorer performing students,
the actual SCT scores and the post-hoc recoded
scores of the bottom 10% of the students in each
cohort in the 10 SCT papers were also compared
using the paired sample t-test. Table 6 shows the
average SCT scores of the Year 3 and Year 4
cohorts in 2012, as well as the average SCT scores
of the eight cohorts of Year 3 and Year 4 students
from 2013 to 2016. At baseline in 2012 (i.e. before
the implementation of the ‘balanced approach’),
comparison of the individual cohort SCT exam
data revealed that in the Year 3 SCT paper, there
was a statistically significant higher average SCT
score (55.59%) in simulation 1 (post-hoc rescoring
to simulate avoidance of extreme answer options)
compared with the original average SCT score
(50.15%) for the bottom 10% of the cohort. By
contrast, for Year 3 and 4 medical students from
2013 to 2016, post-hoc recoding of extreme
response options into median response options

resulted in statistically significant lower average
SCT scores.

These comparisons are represented pictorially in
Appendix S1 to highlight the findings: for the
bottom 10% of students in the 2012 Year 3 cohort,
avoidance of extreme answer options has resulted in
a significant increase in SCT score, whereas in
2013–2016 after the adoption of the balanced
approach, the same answering strategy produced
significantly lower overall SCT scores for the bottom
10% of students in each paper.

Simulation 2: effect on SCT Scores

In simulation 2, the data for the 2012 Year 4 cohort
indicate that a student could theoretically score a
pass (51.3%) just by choosing ‘0’ to all questions in
the examination. In 2013 to 2016, after the
implementation of the ‘balanced approach’ in
compiling each SCT paper, the same test-taking
behaviour would result in a definitive fail in the
examination, with a score of 13.7–35% (Table 7).

DISCUSSION

This study has investigated a possible intervention
that may mitigate one of the threats to SCT validity

Table 5 Distribution of the modal responses from expert reference panels and the average credit point for each answer response option
in 10 script concordance test (SCT) papers (2012–2016)

Number of SCT items with modal answer:

a b c d e

(average credit point for each response option)

Total number of

SCT items with

median options

as modal answers

(b + c + d)

Total number of

SCT items with

extreme options

as modal answers

(a + e)

Ratio of median

options as modal

answer to extreme

options as modal

answer�2 �1 0 +1 +2

2012 Year 3* 11 (0.38) 11 (0.46) 4 (0.24) 10 (0.31) 4 (0.16) 25 15 63:37

2012 Year 4* 11 (0.43) 9 (0.49) 12 (0.51) 6 (0.24) 2 (0.13) 27 13 68:32

2013 Year 3 15 (0.47) 9 (0.38) 2 (0.14) 9 (0.28) 5 (0.15) 20 20 50:50

2013 Year 4 12 (0.40) 6 (0.25) 8 (0.26) 8 (0.3) 6 (0.22) 22 18 55:45

2014 Year 3 10 (0.35) 7 (0.27) 7 (0.24) 6 (0.25) 10 (0.25) 20 20 50:50

2014 Year 4 13 (0.37) 5 (0.24) 8 (0.28) 7 (0.26) 7 (0.28) 20 20 50:50

2015 Year 3 12 (0.42) 9 (0.32) 5 (0.22) 4 (0.24) 10 (0.31) 18 22 45:55

2015 Year 4 9 (0.30) 8 (0.33) 8 (0.35) 5 (0.29) 10 (0.28) 21 19 52:48

2016 Year 3 12 (0.46) 11 (0.37) 4 (0.18) 3 (0.19) 10 (0.29) 18 22 45:55

2016 Year 4 9 (0.30) 7 (0.33) 6 (0.25) 5 (0.30) 13 (0.39) 18 22 45:55

* Before using the ‘balanced approach’ in the examination.
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as a result of construct-irrelevant differences in
examinee’s response style. The latter is an issue
previously raised by authors such as Lineberry,17

who had shown that a medical student’s use of the
strategy of avoiding extreme answer options in SCTs
may potentially impact on the validity of his or her
test results. The current study has shown that SCT
test optimisation processes, such as balancing the
distribution of the expert reference panel’s modal
answers for items in SCTs across the whole
continuum of the Likert response scale, and
controlling for other conceptual or logical flaws in
partial aggregate scoring used for the conventional
SCTs, has the potential to further enhance the
validity of SCT scores. More specifically, with the
addition of the ‘balanced approach’ as an

additional step in the test optimisation processes for
script concordance testing, examinees who
potentially choose to deliberately avoid extreme
answer options, or simply select the ‘neutral’ answer
options, would get significantly lower, rather than
higher, SCT scores.

In both simulation 1 and simulation 2, using
baseline data from 2012 for the 10% of students
with the lowest SCT scores (before the adoption of
a ‘balanced approach’), deliberate avoidance of
extreme answer options seemed to result in signs
of score ‘inflation’ (i.e. increase in SCT scores).
This is consistent with the findings reported from
previous studies.14,17 The analysis of baseline data
for all students in 2012 prior to the

(a)

(b) (c)

(d) (e)

Figure 2 Original and simulated scores from 2012–2016 according to the performance ability in quartiles of the students
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implementation of a ‘balanced approach’ also
shows that there was an interaction effect between
examinees’ ability (using score quartiles as a
proxy) and the prevalence and extent of score
‘inflation’ through deliberate avoidance of extreme

answer options (Fig. 2a). There is supporting
evidence for this from a recent study that
demonstrated that students whose SCT scores are
in the lowest quartile are more likely to use this
test-taking strategy (avoidance of extreme response

Table 6 Effect of deliberate avoidance of extreme answer options on script concordance test (SCT) scores. An investigation through
post-hoc simulated rescoring of responses from bottom 10% of students in each SCT paper

Mean SCT scores

after post-hoc

rescoring (SD)

Original mean

SCT scores (SD)

Mean

difference (SD)

95% confidence

interval mean

difference

Statistical significance of

mean difference (p-value)Lower Upper

2012 Year 3* 55.59 (4.10) 50.15 (1.55) 5.44 (3.74) 2.92 7.95 t (10) = 4.818; p = 0.001†

2012 Year 4* 52.26 (5.42) 53.37 (4.44) �1.10 (5.22) �4.61 2.40 t (10) = �0.702; p = 0.50

2013 Year 3 48.66 (3.08) 49.53 (3.07) �0.88 (2.63) �2.65 0.89 t (10) = �1.102; p = 0.296

2013 Year 4 44.28 (4.18) 52.13 (2.58) �7.85 (3.65) �10.30 �5.40 t (10) = �7.138; p < 0.001‡

2014 Year 3 37.36 (5.11) 46.79 (5.20) �9.43 (3.59) �11.84 �7.02 t (10) = �8.714; p < 0.001‡

2014 Year 4 42.68 (2.39) 52.57 (2.46) �9.89 (2.70) �11.55 �8.22 t (10) = �13.243; p < 0.001‡

2015 Year 3 45.03 (2.81) 58.59 (2.72) �13.55 (2.87) �15.38 �11.73 t (11) = �16.36; p < 0.001‡

2015 Year 4 54.29 (4.30) 63.16 (3.50) �8.87 (3.20) �11.03 �6.72 t (10) = �14.255; p < 0.001‡

2016 Year 3 42.96 (3.53) 56.43 (2.79) �13.47 (3.27) �15.55 �11.39 t (11) = �18.121; p < 0.001‡

2016 Year 4 51.85 (4.14) 57.24 (3.51) �5.39 (4.15) �8.03 �2.75 t (11) = �4.494; p < 0.001‡

* 2012: before the implementation of the ‘balanced approach’.
† Statistically significant (at p < 0.05) mean difference between original scores and scores after post-hoc rescoring to simulate deliberate
avoidance of extreme answer options.
‡ Statistically significant (at p < 0.001) mean difference between original scores and scores after post-hoc rescoring to simulate deliberate
avoidance of extreme answer options.

Table 7 Simulated scores if students chose ‘0’ for all items compared with actual cohort mean scores in Year 3 and 4 from 2012 to
2016 (simulation 2)

Year

Year 3 simulated

scoring (%)

Year 3 SCT actual cohort

mean score (%)

Year 4 simulated

scoring (%)

Year 4 SCT actual

cohort mean score (%)

2012* 38.8 60.5 51.3 65.2

2013 13.7 62.0 25.7 66.1

2014 24.5 70.0 27.5 64.6

2015 35.0 62.5 22.0 73.5

2016 18.0 68.3 24.8 70.4

Average 2013–2016 22.8 65.7 25.0 68.7

* 2012: before the use of the ‘balanced approach’ in the examination. All failed scores highlighted in bold.
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options).23 The current study has provided further
empirical evidence that the implementation of the
‘balanced approach’ since 2013 has mitigated the
concern that a test-taking strategy could result in
an increase in SCT scores, and threaten the
validity of the SCT scores.

In fact, with the balancing of the SCT items in
the examination, the potential strategic answering
approach would result in a much lower score, as
demonstrated in the two simulations conducted in
this study. We therefore suggest that careful
construction of SCT items and an additional test
optimisation process based on the expert
reference panel’s response pattern in SCT items
(the ‘balanced approach’), could remove
the potential ‘score inflation’ previously
described.17

When informing students about the structure of
SCT and how to appropriately approach and answer
SCT items, it may be necessary and beneficial to
emphasise the fact that, as an inherent validity
feature built into the design of each SCT paper,
there is always a somewhat balanced distribution of
median and extreme options in the expert panel’s
modal answers that will attract a full mark. Students
should be urged to respond according to their
knowledge, understanding and reasoning, using all
available information, for each case. Any deliberate
attempt to use any test-taking strategy will not be
advantageous, but, on the contrary, may
disadvantage their SCT scores.

Apart from fulfilling the usual assessment blueprint
requirements, a balanced distribution of extreme
and median options in the modal responses by the
expert reference panel is certainly a useful validity
feature that can be built into the SCT test
development process (i.e. as the final step in the
routine SCT test optimisation process). This is
particularly important if a partial credit aggregate
scoring algorithm is used.

It is important to acknowledge that there are other
validity concerns about script concordance testing,
particularly in relation to the logical inconsistency
of the answer responses and the accuracy of the
expert panel’s answers compared with the evidence-
based likelihood ratios.16,17 The pre-existing test
optimisation procedures adopted in the study
context have addressed the concern over the faulty
logic of aggregated scoring in SCTs.17 The selection

of only the ‘ideal’ responses from the panel and
reducing the experts’ disagreements results in a test
focusing on clinical reasoning and data
interpretation for clinical scenarios with relatively
clear modal answers. Examinees will still score if
they veer slightly in either direction from the modal
answer response. Elimination of items with
‘bimodal’ and ‘discrete outlier’ response patterns
from the expert reference panel, through the pre-
existing test optimisation procedures, has somewhat
alleviated the extreme complications in reliability
estimation from the usual canonical SCT aggregated
score.

This study has only been able to focus on
addressing one of the validity concerns regarding
SCTs. Others, such as SCT standard setting, are
issues for further investigation elsewhere.
Limitations of the current study also include the
unequal number of data points for pre- (2012) and
post-intervention with a balanced approach (2013–
2016), and the fact that this is a study in the
context of one medical school. The former arose
because of the need to adopt the balanced
approach to SCT item construction and test
optimisation, once the potential threat of the
aggregate partial credit scoring methods to test
validity was revealed. The potential for score
inflation by low-performing students avoiding
extreme response options was a result found in our,
as well as other, settings.

We need to ensure that the items selected in the
rigorous item optimisation procedures do not lead
to deviation from the assessment blueprint
established for each SCT paper. In other words, the
content validity, particularly its alignment with the
construct of interest (i.e. decision making in the
context of clinical uncertainties in the real clinical
setting), should not be compromised as a result of
deliberate measures to mitigate the potential for a
test-taking strategy to increase students’ scores and
threaten SCT validity. Sharing of a larger pool of
SCT items spreading across disciplines with other
medical schools would facilitate development of a
database of carefully constructed and high content
validity SCT items aligned with the construct of
interest for use in the assessment of all senior
medical students.

To further understand the utility of SCT in
assessment of undergraduates’ clinical reasoning,
the think-aloud method has been proposed to

ª 2018 John Wiley & Sons Ltd and The Association for the Study of Medical Education;
MEDICAL EDUCATION 2018 52: 336–346

M S H Wan et al

50



allow the students to justify the reasons for
choosing a particular response option in
answering the SCT.25 This process may help
address the concern raised by Kreiter (2012)26

that there is no firm evidence of the clear
relationship between the purported construct of
the SCT (clinical data interpretation) and the
response process of examinees. Indeed, in a
response to this, Lubarsky et al.27 have suggested
‘think-aloud’ or concept mapping protocols might
also help to shed further light on examinees’ use
of probability versus typicality-based reasoning
strategies in responding to SCT items. As a result
of the current study, we highly recommend
investigation and routine monitoring of evidence
for possible validity threats in SCT scores when
SCTs are used for summative purposes.

CONCLUSION

We would like to reiterate that, in interpreting the
findings from this study, one should note the fact
that this simulated investigation of plausible validity
threats to SCT scores as a result of test-wise
examinees deliberately avoiding the extreme
answer options, was carried out in a context where
there has been considerable pre-existing and
inherent validity measures in place to control for
more fundamental conceptual flaws associated with
the aggregate partial credit scoring approach
(based on an expert reference panel’s responses).
It was never the intention to paint a simplistic and
reductionistic view through this manuscript, that
the ‘balanced approach’ (i.e. the intervention
investigated in this study) is the ultimate solution
for all potential validity threats and issues with
SCTs. On the contrary, we recommend that the
hypotheses and conclusion derived from this study
be further tested in other medical education
settings.
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Appendix S1. Effect on Script Concordance Test (SCT) scores by deliberate avoidance 

of extreme options for bottom 10% of students (2012-2016).  
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Synopsis of Chapter 4 

Chapter 4 presents the findings from a study in the research context comparing the 

actual and simulated scores before and after the implementation of the ‘test 

optimisation and balancing’ approach in constructing high stakes SCT examinations. 

This study aimed to investigate the effect of possible score inflation due to the test 

taking strategy of students. The results indicated that a balanced distribution of 

extreme and median options in the modal responses by the expert reference panel is an 

important validity feature that can be built into the SCT test development process (i.e. 

as the final step in the routine SCT test optimisation process). This further supports the 

response process validity of SCT scores.
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Chapter 5: Construct validity of Script 

Concordance Testing scores: progression from 

medical students to general practitioners 

This chapter contains the paper titled “Construct validity of Script Concordance 

Testing scores: progression from medical students to general practitioners” published 

in IJME (ERA Journal) 2019;10:174. 

Statement of Contribution by Others: please refer to Appendix 4 

Foreword 

In response to the paucity of empirical studies on the construct validity for SCT scores, 

this chapter reported a study comparing the SCT scores of Year 3 and Year 4 clinical 

year medical students, junior general practice registrars and experienced practising 

general practitioners (GPs). The progression of scores, noted in the study context, 

provided further evidence of the construct validity of the SCT. This continual 

progression in SCT scores from medical students; to junior registrars and GPs had not 

been reported in published literature so far. 

Open access journal (the IJME employs the Creative Commons Attribution License 

(CC-BY) to provide the submitted work of authors as an open-access resource. 

Under the terms specified, the work submitted remains the property of the authors 

along with its copyright. https://www.ijme.net/terms/)
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Abstract
Objective: To investigate the construct validity of Script 
Concordance Testing (SCT) scores as a measure of the clini-
cal reasoning ability of medical students and practising Gen-
eral Practitioners with different levels of clinical experience.  
Methods: Part I involved a cross-sectional study, where 105 
medical students, 19 junior registrars and 13 experienced 
General Practitioners completed the same set of SCT ques-
tions, and their mean scores were compared using one-way 
ANOVA. In Part II, pooled and matched SCT scores for 5 
cohorts of students (2012 to 2017) in Year 3 (N=584) and 
Year 4 (N=598) were retrospectively analysed for evidence of 
significant progression. 
Results: A significant main effect of clinical experience was 
observed [F(2, 136)=6.215, p=0.003]. The mean SCT score for 

General Practitioners (M=70.39, SD=4.41, N=13) was signif-
icantly higher (p=0.011) than that of students (M = 64.90, SD 
= 6.30, N=105). Year 4 students (M=68.90, SD= 7.79, N=584) 
scored a significantly higher mean score [t(552)=12.78, 
p<0.001] than Year 3 students (M = 64.03, SD=7.98, N=598). 
Conclusions: The findings that candidate scores increased 
with increasing level of clinical experience add to current ev-
idence in the international literature in support of the con-
struct validity of Script Concordance Testing. Prospective 
longitudinal studies with larger sample sizes are recom-
mended to further test and build confidence in the construct 
validity of SCT scores. 
Keywords: Script Concordance Testing, validity, assessment, 
clinical reasoning

Introduction 
Since 2009, Script Concordance Testing (SCT) has been used 
to assess higher-order clinical reasoning and data interpreta-
tion skills in the context of uncertainty, at both undergradu-
ate and postgraduate medical education levels.1 It was de-
signed to probe one key signpost along an accepted 
theoretical pathway of clinical reasoning under uncertainty.2 
In each SCT, candidates are presented with a clinical sce-
nario, followed by a new piece of information. The candi-
dates are then asked to assess whether this additional piece of 
information increases or decreases the probability of the sug-
gested provisional diagnosis or increases or decreases the ap-
propriateness of a proposed investigation or management 
option. In the classical scoring of SCT, the candidate’s deci-
sion is compared to that of a reference panel of experts in the 
field and a weighted partial scoring system with a 5-point 
Likert scale is applied.3 Since its development, the SCT for-
mat has been used in assessment across many medical 

disciplines, including Medicine, Surgery, Psychiatry, Paedi-
atrics, Dentistry and more recently, Medical Ethics.4-12  

As for all educational assessments, SCT use as summative 
assessment in Medicine requires evidence to support the ap-
propriateness and meaningfulness of interpretation and use 
of the results.13 Over the past few years a number of studies 
in the international literature have addressed some issues on 
the validity of SCT scores.9,14 However, there is a relative pau-
city of evidence demonstrating that SCT scores are a measure 
that can discriminate between the reasoning skills of medical 
practitioners at different stages in their medical career – i.e. 
from medical students, to junior doctors, to experienced doc-
tors. This is an important piece of evidence for the overall 
construct validity of SCT scores, an issue which this study 
aims to address. In general, construct validity is the degree to 
which an instrument measures the construct it is intended to 
measure.15,16 In the context of Script Concordance Testing, 
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according to key developers of this assessment format, the 
construct validity of scores from script concordance testing 
depends on the inference that candidates with more evolved 
illness scripts interpret data and make judgments in uncer-
tain situations that increasingly concord with those of expe-
rienced clinicians given the same clinical scenarios.3 The ten-
dency for SCT scores to consistently increase with increasing 
level of training has been reported as empirical evidence sup-
porting the validity of this inference.17  

The progression of clinical reasoning capability, as meas-
ured by SCT in post-graduate medical education settings, has 
been reported in previous studies. In 2009 Lubarsky showed 
that Neurology trainees’ SCT scores improved as they pro-
gressed through the post-graduate training program. This 
evidence of progression of SCT scores supported the con-
struct validity of SCT in this setting.1 There is also evidence 
of progression of clinical reasoning during residency emer-
gency training in Paediatrics.14 Kazour examined interns 
(junior doctors in the first post-graduate year) using a set of 
100 SCT questions in Psychiatry and found significant im-
provement in the interns' scores between the beginning and 
the end of their rotation.8 A further study used SCT scenarios 
to assess the reasoning skills of paediatric residents and neo-
natal-perinatal medicine fellows (qualified specialists), and 
reported a significant difference between all training levels 
from Post-graduate Year 1 (PGY-1) to PGY-3 and between 
PGY-3 and fellows, with improvement of scores observed for 
each progressive level of medical training.18 More recently, 
Subra administered an SCT assessment to post-graduate stu-
dents in general practice and showed progression of clinical 
reasoning throughout the 3 years of training pathway espe-
cially in the first 18-months.19 However, there is an apparent 
gap in the literature, specifically in relation to empirical evi-
dence of progression in clinical reasoning skills for medical 
students in undergraduate medical education. Furthermore, 
studies comparing the clinical reasoning capability of medi-
cal students and practising clinicians, using the same set of 
SCT items, are lacking. This study aimed to address these 
gaps by seeking evidence of progression of medical students’ 
SCT scores through the two senior clinical years, and evi-
dence of higher scores for experienced clinicians and post-
graduate trainees when compared with those of senior med-
ical students (novices), on the same set of SCT questions. 
Progression in performance on SCTs, i.e. tendency for SCT 
scores to consistently increase with increasing level of train-
ing and experience, should provide further support for the 
hypothesis that SCT scores are a valid measure of clinical rea-
soning ability in Medicine.  

The setting for the current study was a medical school in 
Australia with a four-year graduate-entry medical program. 
The School has been using SCT questions in Year 3 and Year 
4 summative assessments of the program since 2010. The aim 
of the study was to investigate the construct validity of SCT 
scores as a measure of clinical reasoning ability of senior 
medical students and practising clinicians of differing 

experience in general medical practice (family medicine). 
Specifically, this study sought to test the following hypothe-
ses for the construct validity of SCT scores: 

1. There is a significant progression in SCT scores from
senior medical students, junior registrars, to experi-
enced general practitioners (GPs), using the same set of
SCT questions (Part I)

2. There is a significant improvement in SCT scores when 
students progress from Year 3 to Year 4 within the clin-
ical phase of their undergraduate medical program, as
measured by retrospective analysis of pooled and
matched (same cohort) SCT assessment scores for 5 co-
horts of medical students (Part II)

Methods 

Study design and participants 
This study was a two-pronged practitioner inquiry within 
one medical school context in Australia.20 Part I of the study 
involved a cross-sectional study design. Three groups of par-
ticipants took part in the study: final year medical students 
(N=105) completed the 40 items SCT as part of their invigi-
lated written summative examination in October 2015; reg-
istrars in general practice training (N=19); and practising 
General Practitioners (N=13), completed the same SCT pa-
per in January 2016. The registrars who were junior doctors 
with less than 4 years post-graduation clinical experience, 
were recruited via general email invitations distributed to 
School alumni. The General Practitioners (GPs) participants, 
who had at least 5 years of post-fellowship practice experi-
ence in General Practice, were also part-time Problem Based 
Learning (PBL) tutors at the School. Both groups of gradu-
ated doctors were volunteer participants in the study. 

The expert reference panel (N = 17) comprised specialists 
in relevant disciplines who had provided answers to the SCT 
questions in the written paper, and their responses to each 
SCT item were used as the basis for the scoring of the re-
sponses by participants in the three study groups, using the 
classical weighted aggregate partial scoring approach.3 

Part II of the study involved a retrospective analysis of 
pooled and matched summative SCT assessment scores for 5 
cohorts of medical students (2012 to 2017). Expert reference 
panels (N=13-18) comprised specialists in the relevant disci-
plines and their responses were used as the basis for the scor-
ing using the same approach as in Part I.  

Ethics approval for the study was obtained from the Uni-
versity’s Human Research and Ethics Committee 
(#018161S). To ensure the confidentiality and anonymity of 
the participants, all data were de-identified prior to the com-
mencement of data analysis. 

Data collection 
In Part I of the study, a set of 40 SCT questions, based on 15 
case scenarios covering the disciplines of Medicine, Surgery, 
Paediatrics, Obstetrics & Gynaecology, Psychiatry and 
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General Practice, were developed to assess clinical reasoning 
according to the assessment blueprint of the medical pro-
gramme. Each SCT question was reviewed by discipline-spe-
cific experts and the assessment academics at the School to 
ensure content validity. The usual format for construction of 
SCT items was employed.12,21 Special attention was made to 
ensure that there was a balance between items that attract ex-
treme responses and those that attract median response op-
tions. As previously reported in the literature, careful balanc-
ing of item response options aimed to minimise the threats 
to validity by test-wise students who may try to game the ex-
amination, or the lowest quartile students trying to avoid ex-
treme option answers.22-24 The set of 40 SCT questions were 
given to the 3 participant groups described above. Prior to 
this end-of-year summative examination (October 2015), all 
medical students had sat for a formative mid-year SCT ex-
amination and a practice online SCT quiz. The GP registrars, 
and experienced GPs completed the same set of SCT items in 
January 2016. Junior registrars and experienced GP study 
participants were given a detailed explanation of the struc-
ture and scoring of SCT as well as a sample set of SCT ques-
tions before they were asked to answer the set of SCT ques-
tions. After providing consent to participate, the junior 
registrars attempted the SCT online, using a survey template 
where all answers were collected anonymously. The experi-
enced GP participants attempted the same set of SCT ques-
tions on campus under invigilation, using a paper-based for-
mat similar to the medical students.  

Part II of the study involved retrospective analysis of the 
summative SCT scores for five cohorts of medical students in 
their clinical years from 2012 to 2017 inclusive. As part of the 
invigilated written end-of-year summative assessment at the 
School, all students completed a set of 40 SCT questions in 
their penultimate (Year 3) and final (Year 4) clinical year. As 
in Part I of the study, SCT scoring was based on the classical 
aggregated partial scoring method, with a full mark being 
awarded for concordance with the majority of the expert 
panel and a partial weighted score for concordance with the 
minority of the panel.12 

Data analysis 
A one-way between-subjects ANOVA was conducted on the 
data from the first part of this study, to compare the differ-
ence in mean SCT scores obtained by senior medical stu-
dents, GP registrars and practising GPs. For the comparison, 
p <.05 was considered statistically significant. In the second 
part of the study, pooled and matched SCT scores in Year 3 
and Year 4 for individual students from five cohorts (2012 to 
2017), were analysed for evidence of significant progression, 
or the lack thereof, using a repeated measure t-test. Each stu-
dent’s Year 3 SCT score was paired and matched with their 
respective Year 4 scores when the student had progressed to 
the final year of their MBBS/MD program. The SPSS statisti-
cal package version 25 (IBM Corp., Armonk, NY) was used 
for the statistical analysis in both parts of the study. 

Results 
The Cronbach’s alpha value for scores from each SCT paper 
was in the range of 0.62 to 0.86 (2012-2017), providing evi-
dence of acceptable reliability (i.e. internal consistency) of 
the SCT scores. Part I of the study indicated a significant 
main effect of clinical experience on performance in the SCT, 
at the p<0.05 level for the three stages of medical career i.e. 
medical students, junior GP registrars, and, experienced GPs 
[F(2,136)=6.215, p=0.003]. The effect size (Eta squared, 
η²=0.084) was moderate, based on Cohen's guidelines (small 
effect size: η²= 0.01; medium effect size - η²=0.06; large effect 
size - η²= 0.14).25,26 

Post hoc comparisons using the Bonferroni method indi-
cated that the mean SCT score for experienced GPs (M = 
70.39, SD=4.41, N=13) was significantly higher (p=0.011) 
than the mean SCT score of medical students (M= 64.90, SD 
= 6.30, N=105). However, the mean SCT score for junior GP 
registrars (M=68.36, SD=7.20, N=19) did not differ signifi-
cantly from the mean SCT scores of medical students (p= 
0.069) and the experienced GPs (p=1.000). The expert panel’s 
(N=17) average score was 79.40% (SD=10.8). The results are 
represented in the box plot (Figure 1). 

Part II of the study compared pooled and matched data 
for five cohorts (2012-2017) of medical students’ SCT scores 
in the penultimate (Year 3) and final year (Year 4) of the un-
dergraduate medical program. A repeated measure t-test in-
dicated that the mean SCT scores for Year 4 students (M= 
68.90, SD=7.79, N= 584) was higher than the mean SCT score 
for Year 3 students (M=64.03, SD=7.98, N=598). This differ-
ence in penultimate and final year students’ mean SCT score, 
was statistically significant [t(552)=12.78, p< 0.001]. A medium 
effect size was observed in the data, with Cohen’s d repeated 
measures, pooled=0.544 (95%CI= 0.417 to 0.657). The means 
of SCT scores from 2012 to 2017 for the Year 3 and Year 4 
students are represented in Figure 2. 

Discussion 
This study has provided evidence for the construct validity of 
SCT scores as a measure of clinical reasoning ability of un-
dergraduate medical students. When the same set of SCT 
questions were given to senior medical students, junior GP 
registrars and experienced GPs, a significant upward pro-
gression of the SCT scores, from senior medical student level 
(relative novices) to practising GP clinician level (experi-
enced clinicians), was noted. This suggests that GPs have 
more well-developed clinical reasoning skills, supporting the 
earlier observation that SCT scores tend to consistently in-
crease with increasing level of training.17 This result corre-
lates with the study results showing progression of SCT 
scores from medical students to residency trainees in a Neu-
rology training program.1  

Although there was no statistical significance difference 
between the mean SCT scores for senior medical students 
and junior GP registrars, an upward trend was evident (from 
64.90% to 68.36%). This could partially be explained by the 
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Figure 1. Comparison of SCT scores of medical students, junior registrars and practising GPs 

Figure 2. A paired comparison of mean SCT scores in Year 3 and Year 4 medical students for 5 cohorts (from 2012 to 2017) 

fact that significant improvement in clinical reasoning with 
clinical experience is a progressive process occurs over a sig-
nificant period of time. Subra et al. found that postgraduate 
students’ clinical reasoning skills take time to develop and the 
largest improvement occurs during the first 18 months of 
training in general practice.19 The smaller effect size could 
also be due to a plausible confounder – i.e. the medical stu-
dents’ more recent, and better experience (with more 

practice), with the assessment modality, compared to either 
the registrars or experienced GP participants.  

The second part of the study using paired data from 2012 
to 2017 demonstrated progression in medical students’ SCT 
scores from Year 3 to Year 4. The effect size of 0.544 indicates 
that when medical students advance from Year 3 to Year 4, 
gaining more clinical experience, their mean SCT score also 
increases by 0.5 standard deviation.27 A contrasting result 
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was reported from another Australian university with a 6-
year undergraduate medical programme, where the SCT 
scores of Year 6 students in a formative assessment were 
compared to those of Year 5 students undertaking an end-of-
year summative assessment.6 In this instance, Year 6 students 
had less experience in answering SCT format questions. The 
significantly lower SCT means scores achieved by Year 6 stu-
dents compared to those in Year 5 may highlight the benefit 
of prior experience with SCT items, and the potentially posi-
tive effect of sitting a high-stakes examination on candidate 
performance. 

The results from the current study suggest that clinical 
experience does have an effect on performance in SCT, 
providing further support for the construct validity of scores 
from this format of assessment. Whilst previous studies have 
reported similar results at post-graduate medical education 
stage and shown progression of scores as trainees advance 
through their training in Neonatology and Psychiatry, there 
have been no reports of progression of SCT scores when the 
same set of SCT items are used to compare the clinical rea-
soning ability of medical students, junior doctors and expe-
rienced clinicians.8,18 A study from Brazil has shown progres-
sion of SCT scores from students in the pre-clinical phase to 
those in the clinical phase (51.6% to 63.4%) using 10 clinical 
cases. However, the authors concluded that the implementa-
tion of this exam format is difficult in under-resourced insti-
tutions and have not followed up on these findings.28  

Limitations of the study 
In the summative assessment program of our medical school, 
Script Concordance Testing is a subset of the written paper, 
which limits each SCT section to 40 items only. The multiple-
choice and short answer questions aim to test student 
knowledge, and ability to apply knowledge to clinical scenar-
ios, whilst the SCT questions are included to test clinical rea-
soning. Including a greater number of SCT questions may 
help to elucidate whether there is a significant difference be-
tween medical student and junior GP registrar performance, 
as well as whether there is a significant difference between 
performance of junior GP registrars and experienced GP cli-
nicians. It should also be noted that the SCT assessment is a 
high stakes examination for medical student participants, in 
contrast to registrar and GP participants in this study, where 
there is absolutely no stake in their participation in answer-
ing the SCT questions. Unequal sample size for each group 
used for comparison in the first part of this study should also 
be acknowledged as a potential limitation. This is particularly 
so for the sample size of junior registrar participants, which 
may, to a certain extent, explains the observation that while 
the scores of junior registrars were higher than senior medi-
cal students, collectively the difference in mean scores has 
failed to reach statistical significance. Nevertheless, the one-
way ANOVA statistic used, is rather robust for comparisons 

involving unequal sample size in groups.29 The findings are 
also limited in that the analysis was only performed on stu-
dent results from one medical school.  

More importantly, we acknowledge the fact that SCT 
scores are vulnerable to various validity threats and hence we 
are cautious not to over-claim with unrealistic inferences 
based on results from our limited data and simple convenient 
research design.9,17,30,31 Nonetheless the current study adds to 
the limited available literature examining the progression of 
SCT scores with advancing clinical experience, especially in 
the undergraduate medical education setting. 

A further study is underway to investigate the addition of 
a “think-aloud” written explanation to each SCT clinical sce-
nario where the candidates are asked to explain their reason-
ing for choosing a particular response for each SCT ques-
tion.32,33 The response process validity of SCT scores as a 
measure of the clinical reasoning skills of undergraduate 
medical students would be enhanced if the majority of stu-
dents chose the correct answer (to which the majority of ex-
perts agreed) for the correct reason, rather than providing 
correct answer-wrong reason responses. This qualitative data 
will add to the understandings of basis for any differences in 
SCT capability noted across the vertical continuum of medi-
cal education.  

Further studies should look into the progression of clini-
cal reasoning capabilities from Year 3 to Year 4 of the gradu-
ate-entry medical program in more than one medical school. 
A prospective longitudinal study involving a greater sample 
size of medical graduates would be more powerful in deter-
mining whether there is positive progression in clinical rea-
soning ability as measured by the SCT during junior doctor 
years, as compared with doctors doing fellowship training 
and subsequent clinical practice. 

Conclusions 
The increase in SCT scores of experienced GPs compared to 
medical students, and the higher SCT scores of final year 
medical students compared to their student peers in the pe-
nultimate year, support previous research findings that SCT 
scores consistently increase with increasing level of training. 
This study in one context of undergraduate medical educa-
tion added further evidence to the body of literature concern-
ing the construct validity of SCT as an assessment modality. 
Prospective longitudinal studies with larger sample sizes are 
recommended to further test the construct validity of SCT 
scores.   
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Synopsis of Chapter 5 

The results reported in the published manuscript in this chapter provided further 

evidence of the construct validity of SCT scores, showing progressive improvement 

of scores from medical students (relative novice) from Year 3 to Year 4; and through 

to practising GPs (relative experts). The paper provided validity evidence and further 

support for the use of the SCT tool to assess clinical reasoning skills in medical 

education. 
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Chapter 6: Commentary: Expert responses in 

script concordance tests: A response process 

validity investigation 

This chapter contains the invited commentary titled “Expert responses in script 

concordance tests: A response process validity investigation” published in Medical 

Education (ERA Journal) 2019;53(7):644-6. 

Statement of Contribution by Others: please refer to Appendix 5 

Foreword 

The following article is an invited commentary in response to a paper published in 

Medical Education by Lineberry et al in 2019, investigating the response process of 

expert reference panels in SCT. (61) In the original paper, the authors raised concerns 

about the disagreements among experts in the panel and therefore the credibility or 

content accuracy of SCT items, and the instability of their responses in test-retest 

settings. This commentary has highlighted the positive trend of a ‘deconstructed’ 

approach to the study of the validation of SCT scores. It has also emphasised that all 

assessment tools, regardless of how well grounded they are on sound theoretical 

underpinning and empirical data, may demonstrate unintended issues on any given 

administration. Therefore, validity must be established repeatedly with adequate 

evidence collected from each administration, together with the deliberate exploration 

of what might be causing problems when unexpected findings arise. 

Approval granted from Journal Editor for inclusion in the Thesis (Appendix 9).
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Commentary: expert responses in script concordance
tests: a response process validity investigation
Siu Hong Wan,1 Elina Tor1 & Judith N Hudson2

There is substantial evidence that
clinical decision making and
medical problem solving by
doctors depend to a large degree
on probabilistic logic1 and/or
typicality of patient information
with reference to doctors’
activated illness scripts.2 The Script
Concordance Test (SCT) is a
written assessment format
designed specifically to assess
individuals’ performance on
probability-related clinical
information processing tasks. It
presents candidates with a clinical
scenario and requires them to
consider a new piece of clinical
information to determine the
extent to which that information
alters the probability of a
particular diagnosis or
appropriateness of a particular
investigation or action.

The SCT is built upon sound
conceptual and theoretical
underpinnings.3 A number of
studies have explored the validity
of SCT score interpretation, mostly
comprising systematic gathering
and documenting of evidence that
SCT scores are indeed indicative
of the soundness of candidates’

clinical judgement.4–6 The latest
research using a ‘deconstructed’
approach to validation of SCT
scores is a very positive trend that
is helping shed some light on the
many grey areas surrounding the
validity of SCT scores.6–8

The SCT is built upon sound conceptual
and theoretical underpinnings

The latest research using a
‘deconstructed’ approach to validation of
SCT scores is a very positive trend that
is helping shed some light on the many
grey areas surrounding the validity of

SCT scores

One such grey area derives from the
fact that there is still limited study of
response process validity (whether
or not the responses of test takers
suggest they share the same
conception of the construct being
measured as do the assessors). This
is true for assessment generally, but
is a particularly important issue for
SCT designers, because the very
rationale for SCT use is based on
the assumption that candidates’
answers reflect the cognitive
operations involved in integrating
newly presented patient information
into existing medical knowledge
structures to generate updated
probabilities of a particular
outcome.

Lineberry et al.’s study,9 published
in this issue, is an effort in this
direction. The authors explored the
response processes of experts to

understand their divergent beliefs
about how new clinical data alter
the suitability of proposed actions
and how they reacted to other
experts’ perspectives. Their study
elicited varieties of expert responses
other than those intended,
providing evidence of construct
irrelevant variance in the experts’
response process.10 These findings
corroborate recent literature
outlining plausible validity threats
for SCT score interpretation.11 In
particular, empirical data from this
study highlighted that typical SCT
formats in which post-data belief
changes by experts are interpreted
without considering experts’ pre-
data belief run the risk of masking
underlying agreement or
disagreement between experts.
Other significant findings reported
include: (i) experts’ disagreement
with the proposed action in SCT
items, raising concerns about the
credibility or content accuracy of
SCT items; and (ii) instability of
experts’ responses, indicating a
threat to the test–retest reliability of
SCT scores. The authors discuss the
challenge of balancing the tension
between maintaining authenticity in
reflecting ‘uncertainty’ in clinical
decision making and, at the same
time, ensuring content accuracy in
SCT items.

In collecting these data, Lineberry
et al. acknowledge their SCT cases
were adapted from real patient
histories, with rich details and
findings. As such, they may have
diverged from the usual SCT
guidance to be ‘brief’ and ‘ill-
defined’.3,12,13 This could be a
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critically important feature
determining the extent to which
SCTs are implemented in a way
that yields valid scores. In our
experience constructing SCT
items, using simple and ill-defined
case scenarios to test core
concepts in clinical reasoning in
medicine, only 20–30% of SCT
items have generally been
discarded or modified because of
discordance in response pattern
amongst clinicians (i.e. extreme
inconsistencies among experts).14

This issue is not raised in an effort
to facilely dismiss Lineberry et al.’s
results, given that is purely a
speculative hypothesis at the
moment. Rather, it is mentioned
because Lineberry et al.’s findings
remind us of the broader issue that
it is important to remain aware of
the fact that all assessment tools,
regardless of how well grounded
they are on sound theoretical
underpinning and empirical data,
may demonstrate unintended
issues on any given administration.
Validity must be established
repeatedly with adequate evidence
collected on each administration
and deliberate exploration of what
might be causing problems when
unexpected findings arise.
Evidence supporting the use of test
scores should be documented over
time, from multiple sources,
consistent with the contemporary
conception of validity as a unitary
construct.15–17 That is, validation
should be an ongoing process
forming part of the fabric of all
assessment initiatives,18 but
particularly in the context of high-
stakes summative assessments of
learning.

All assessment tools, regardless of how
well grounded they are on sound

theoretical underpinning and empirical
data, may demonstrate unintended

issues

At the structural level, recent calls
for a move towards a programmatic
perspective on assessing
competence is a paradigm shift in
the right direction towards a more
sustainable and constructive
landscape in medical education.
This more continuous form of
assessment makes it all the more
imperative that we adopt a
continuous form of validation
practices. The rich information
that SCTs can provide, as discussed
by Lineberry et al., can be
optimised for learning and be
meaningfully aggregated to inform
progress decisions for trainees, but
only if care is put into ensuring
that the scores reflect what the
theory intends.19–21 The post-
scoring debrief and debate by the
expert reference panel, used by
Lineberry et al. in this paper,
provides an excellent example of a
counter-measure to be used against
validity threats that could
simultaneously serve as a useful
continuing professional
development activity for clinicians,
test developers and educators alike.
Engaging in such activity may turn
controversial SCT cases into
valuable stimuli for learning, hence
achieving and role modelling the
goal of authentically reflecting the
complexity of medical decision
making.21,22

With this shift towards programmatic
assessment, the rich information that
SCTs can provide, as discussed by the
authors, can be optimised for learning.

The post-scoring debrief and debate by
the expert reference panel may turn
controversial SCT cases into valuable

stimuli for learning

In sum, although Lineberry
et al.’s findings might be

considered a negative mark on
the validity evidence for SCT use,
we argue that the authors’
research approach more
constructively provides a strategy
for enabling a longitudinal
exploration of the development
of clinical reasoning in both
learners and experts. Panels
comprised of undergraduate or
postgraduate learners can learn
from reflection on proposed
actions (pre and post) as well as
the responses of peers and
experts. This could provide
valuable understanding of what
stimulates clinical reasoning
ability in learners during their
professional development and
what maintains or furthers
clinical reasoning ability in those
who are more well established.
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Synopsis of Chapter 6 

This invited commentary on published research findings pertaining to the impact of 

the expert reference panel’s response process on the validity of SCT scores, 

emphasised the importance of continual validation of SCT scores when they are used 

as measures of the clinical reasoning ability of medical trainees. (61) The commentary 

highlighted the need for analysis of the underlying thought processes and clinical 

reasoning, of both candidates and experts in the reference panel, in deriving their 

clinical decision in response to each scenario in the SCT items. It also discussed the 

move towards the era of programmatic assessment, where multiple assessment points 

are used to allow a longitudinal assessment of a student accompanied by rich feedback, 

post-scoring debriefs and debate by the experts in the panel. The latter process may 

turn controversial SCT cases into valuable stimuli ‘for’ learning. This forms part of 

the continuum of consequences evidence for the construct validity of SCT scores. 
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Chapter 7: Examining response process validity of 

Script Concordance Testing: a think-aloud 

approach 

This chapter contains the paper titled “Examining response process validity of Script 

Concordance Testing: a think-aloud approach” published in IJME (ERA Journal) 

2020;11:127-135. 

Statement of Contribution by Others: please refer to Appendix 6 

Foreword 

In response to the plausible threats to the validity of the SCT scores reported in the 

literature, specifically in students’ response process, the following chapter reports and 

discusses a preliminary investigation into the use of a new written ‘think-aloud’ 

approach to explore medical students’ response process in answering SCT questions. 

Students’ response process validity has been quantified as true positive rates – the 

percentage of full and partial credit responses which were derived based on correct 

clinical reasoning; and the true negative rate – the percentage of responses with no 

credit that were derived based on incorrect reasoning. Students’ perceptions of the 

usefulness of this approach in enhancing their learning of clinical reasoning skills, was 

also briefly explored. 

Open access journal (the IJME employs the Creative Commons Attribution License 

(CC-BY) to provide the submitted work of authors as an open-access resource. Under 

the terms specified, the work submitted remains the property of the authors along with 

its copyright. https://www.ijme.net/terms/)
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Table 1. The formula to calculate the aggregated (weighted) 
scores for each SCT item 

Score Key -2 -1 0 +1 +2 

Number of experts in  
the panel choosing the  
response (out of 10) 

0 0 1 2 7 

Formula 0/7 0/7 1/7 2/7 7/7 

Student score 0 0 0.14 0.29 1 
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Synopsis of Chapter 7 

A review of students’ written think-aloud free text entries showed that the majority of 

students’ answers to SCT items, which attracted full or partial credit, were derived 

based on correct clinical reasoning. These findings of very high true positive and true 

negative rates in students’ SCT scores are evidence to support the response process 

validity of SCT scores. The think-aloud approach in answering SCT could be a very 

useful tool to enhance students’ learning and understanding of their underlying thought 

process especially in the formative practice environment. Further collaborations with 

other institutions researching into the underlying thought processes of clinical 

reasoning using this approach is also recommended. 
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Chapter 8: Discussion of findings, limitations, 

future directions and conclusions 

8.1 Discussion 

Clinical reasoning skill is an essential competency for medical students, junior 

fellowship trainees and clinicians. It allows focused collection of relevant clinical 

information from the patient, accurate diagnosis, appropriate investigations and 

evidence-based management. Effective clinical reasoning has been shown to reduce 

critical medical errors and improve patient outcomes. (3, 6, 7) Accurate assessment of 

clinical reasoning at the undergraduate and post-graduate levels is essential to ensure 

competent performance. In the past decades, there have been various assessment 

modalities attempting to assess this pivotal skill. One of the main challenges has been 

the multiple plausible threats to the validity of SCT scores.  

This dissertation is a systematic accumulation of a series of practitioner inquiry studies 

into the use of SCT in undergraduate medicine, particularly focusing on the validity of 

SCT scores. It aimed to address the recent call by leaders in the field of SCT for further 

research on the two least studied sources of evidence of validity, namely response 

processes and consequences. (62) The first study has demonstrated that lower 

performing students tended to avoid extreme responses (‘-2’ or ‘+2’ options) in 

answering SCT questions. Thoughtful design and balance of SCT items, however, may 

help to mitigate some of the validity threats to medical students’ SCT scores. The 

second study in this PhD project has responded to some of the published concerns 

about the validity threats to SCT scores where students could potentially game the 

examination by avoiding the extreme responses (‘-2’ or ‘+2’) or purposefully choosing 

the median responses (‘0’ option). (52) It also considered the issue of concern over the 

faulty logic of aggregated scoring in SCT. The validity by design approach seemed to 

be effective in mitigating the plausible threats to the validity of SCT scores, due to the 

examinee test-taking strategy. Validity by design was achieved through careful 
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selection of items in each SCT paper to ensure there was a balanced distribution of 

expert reference panel modal answers, i.e. in both extreme and median response 

options. This was an additional part of the test optimisation process for the 

development of each SCT paper. This paper added a structured protocol to the current 

literature, to improve SCT validity and address some of the potential threats to the 

validity of the SCT scores. However, when using such an optimising process during 

examination construction, one should maintain the rigour of the content validity and 

the characteristic of uncertainty in the clinical scenario for substantive validity. 

Collaboration with other medical schools to share the pool of SCT items and increase 

coverage of core disciplines would ensure high content validity of the examination and 

alignment with the construct of interest.  

 

The third study in this PhD project, comparing the scores of novices versus 

experienced clinicians, showed progression in SCT scores from students in the 

penultimate to the final year of the medical programme, and from undergraduate 

students to practising GP clinicians. This study provides further response process 

validity evidence for SCT. (62) Some earlier studies had looked at score progression 

in a number of learners in different specialties. In 2009, a Canadian study used a 90-

item radiation oncology SCT to assess medical students, residents and radiation 

oncologists. They showed statistically significant progression of scores from students 

to specialist. (63) Another study found that Otorhinolaryngology residents had a 

significantly higher web-based SCT scores than medical students. (64) A Brazilian 

study showed that SCT scores were higher in senior compared to junior medical 

students. (65) A few research studies have looked at progression in scores with 

postgraduate trainees in Paediatrics, Psychiatry and General Practice, (45, 66-68) and 

a recent study with a relatively small number of medical students showed significant 

progression of SCT scores from students to residents in Urology. (69) More research 

looking into the longitudinal progression of clinical reasoning abilities in the 

undergraduate setting and post-graduate fellowship training environment, stratifying 

according to the years of study/training, would provide further evidence of the 

construct validity of SCT.  
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The acceptable reliability of SCT scores (Cronbach alpha: 0.62 – 0.86) in this third 

study also provided internal structure evidence as part of SCT scores validity. In 

relation to content specificity, which may pose a potential threat to the validity of 

decisions that are based on SCT scores aggregated from items covering multiple 

disciplines. These decisions may be made on the assumption that SCT scores are 

measuring a unidimensional construct, i.e. the 'global' clinical reasoning ability that is 

independent of the specific contents (disciplines) in the SCT items in a test. However, 

in the study context, the SCT scores are not used independently to determine whether 

a student would pass or fail in a year-long course nor treated as a separate item within 

the rules for progression. Instead, SCT scores are aggregated with scores from other 

components of the written papers. Thus content specificity is not relevant to 

consideration of the validity of SCT score (use in the medical programme), and was 

not addressed in the research aims. 

 

Further support for the response process validity of SCT came from the finding that 

the majority of the students’ clinical reasoning was correctly aligned with the expert 

panel’s consensus in clinical reasoning. Rather than just looking at medical students’ 

keyed responses on the 5-point Likert scale, use of the ‘think-aloud’ approach to 

understand the reasoning behind student responses to SCT items, added another layer 

of understanding to the underlying thought process of the students. This study (Chapter 

7) asked the students to justify their responses during the online tests while they were 

fully engaged in the thought process. In fact, a few students actually reported in their 

free text answers that they had employed the test-taking strategy to try to avoid the 

extreme responses and answered on the ‘safe’ side and chosen ‘-1’ or ‘+1’. This 

unpublished finding aligns with the findings reported in the Chapter 3 paper.  

 

The study presented in Chapter 7 also provided further evidence for the consequential 

validity of SCT.  The short post-test evaluation survey of student perspectives of the 

think-aloud approach revealed that students found this approach in the formative SCT 

useful for supporting their learning in clinical reasoning. Other reports in the literature 

have supported the education impact of the ‘think-aloud’ approach on clinical 

reasoning. The written ‘think-aloud’ approach to explore students’ response process 



85 

 

had previously built confidence in SCT as a valid format to test the clinical reasoning 

of nursing students and paediatrics trainees. (60, 70) Adding the ‘think-aloud’ 

approach to the student answering process provided medical students with enhanced 

post-assessment feedback opportunities, an approach that could be incorporated into 

regular formative assessment sessions for medical undergraduates or fellowship 

trainees. A recent publication from a Victorian medical school, exploring medical 

students’ perceptions of the educational impact of SCT for learning clinical reasoning, 

has reported a similar conclusion. (71) Provision of constructive feedback to students 

or trainees by revealing the expert panel’s clinical reasoning, followed by facilitated 

discussions, is likely to enhance learning.  

 

In summary, the published papers presented in the thesis responded to international 

calls for further research into the construct validity of SCT scores.  The papers have 

addressed the five sources of evidence for the construct validity of SCT: content; 

response process; internal structure; relationship to other variables; and consequences. 

 

However, when assessing clinical reasoning we should not be focussing on only one 

modality of assessment. Traditional assessment programmes have tended to be based 

on a single instrument for the assessment of each of the domains of ‘knowledge’, 

‘skills’, ‘problem solving’ and ‘attitudes’ at single time points, with potential to result 

in highly unwanted side effects. (23) The programmatic approach, where a student’s 

performance is being gathered at multiple assessment points across the trajectory of 

the course with accompanying rich feedback to support learning, is a recommended 

direction for medical education. (59) With such an approach, the assessment of clinical 

reasoning would be derived from multiple sources and by various tools (e.g. SCT, KF 

and OSCE) across time. Such programmes could be ideally constructed using 

complementary assessment methods to account for each method’s validity and 

feasibility issues, as well as their advantages, and disadvantages. (24) 
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8.2 Limitations  

 

The findings from the research studies have limitations in that the data analysed was 

from just one medical school, and the set of SCT questions used for each cohort was 

relatively small. The research projects in the thesis have not covered the whole 

spectrum of sources of validity evidence for SCT scores. (72) However, as much of 

the SCT research has been reported in the context of postgraduate medical education, 

the thesis has addressed some key issues associated with the validity of SCT scores in 

the setting of medical undergraduate education.   

 

Current and ongoing research collaboration with national and international health 

professional educators should result in findings with greater power and in additional 

contexts, and provide further evidence to support the use of SCT in the assessment of 

clinical reasoning. It could also generate ways to test the impact of enhanced feedback 

to students, such as the ‘think-aloud’ approach reported in the thesis. Use of student 

focus groups to understand their underlying cognitive thought processes in deciding to 

choose between ‘-2’ and ‘-1’; or between ‘+2’ and ‘+1’ in the 5-point Likert scale 

when answering a SCT question, could shed more light on the response process 

validity of SCT. (73)  

 

8.3 Ongoing research initiatives and Future directions 

 

Validity remains a hypothesis to be tested with every set of test scores, hence 

validation study of scores should be an ongoing effort. As suggested in the conclusion 

of the first published study (Chapter 2), further investigation of the SCT ‘pass-fail’ cut 

score has been initiated. Some preliminary findings have been presented at the 

International Medical Education Conference in 2013 (as listed under Candidate 

publications & conference/workshop presentation section). These findings suggested 

that a cut score of 3.5 standard deviations below the expert panel’s mean SCT score 

could be used in the undergraduate medical programme setting. Further in-depth study 
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of the standard-setting aspect of the validity of SCT score use and interpretation will 

continue.  

 

Much of the previous research relating to SCT has been performed in the US and 

Canadian contexts, while the thesis has explored SCT in one Australian context. 

Further work should expand the use of, and research into, SCT as an assessment 

modality in health professional education in the Asia Pacific region. There is also the 

potential to respond to growing interest in the use of the SCT format in assessing 

medical ethics and professionalism in the field of health education. (74, 75) The 

inherent property of uncertainty in the question aligns with assessing medical ethics 

where there are usually no absolutely correct or incorrect answers. Further research 

into the use of SCT in this discipline could expand its application into medical ethics. 

 

Following on from the research reported in this thesis, a variety of national and 

international research collaborations are currently underway. They aim to gather 

further evidence for the validity of SCT in assessing clinical reasoning in 

undergraduate and postgraduate health professional education, in the Asia Pacific 

region.    

 

Ongoing and future research projects include: 

• Collaboration with colleagues in the Endocrinology Department at the National 

University Health System, Singapore to develop new SCT questions for trainee 

fellows in Endocrinology. Pilot questions have been selected, and expert panel 

responses collated to deliver the first SCT formative examination to fellowship 

trainees. Research is ongoing investigating the consistency of the experts’ 

responses and the progression of SCT scores in the various level of training in 

the trainees. 

 

• Collaboration with colleagues from the School of Nursing at the National 

University of Singapore to develop practice SCT questions for graduate nurses 
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to enhance their clinical reasoning skills. The first set of SCT formative 

examinations will be delivered in mid-2020. Data will be collected to 

investigate the students’ perception of the usefulness of such a tool in 

enhancing their clinical reasoning skills in the Nursing field. 

 

• In collaboration with the University of Adelaide, South Australia, an online 

SCT and MCQ practice examination for their Year 4 & Year 5 medical students 

has been delivered. It incorporated the ‘think-aloud’ approach to enhance 

feedback for improving student clinical reasoning skills. Data is being analysed 

to look at the correlation of scores between the SCT and MCQ format for 

assessing clinical reasoning, exploring evidence of convergent validity of SCT 

scores in the relationship with other variables.  

 

• A survey has also been administered to look into the usefulness of such a 

formative examination with immediate feedback on student learning, seeking 

further evidence for the educational impact of the SCT assessment on student 

learning (consequential validity evidence). 

 

• A pilot study had been conducted in collaboration with the medical ethicist at 

the National University of Singapore to develop case scenarios, and use of SCT 

questions to engage students to learn and discuss medical ethical principles in 

the small group tutorial environment. The initial feedback from the students 

was extremely positive. A full research study in the use of the SCT format to 

enhance medical ethics teaching is in progress. 

 

To further enhance this collaborative work, a research network has been set up with 

Asia Pacific medical educators who are interested in SCT to have a continual 

discussion on valuable research projects.   
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8.4 Conclusions 

 

This thesis has contributed to the international literature providing further support for 

the validity of SCT scores in assessing clinical reasoning in undergraduate medical 

education. The research has shown the following: thoughtful design and balance of 

SCT items can mitigate some of the validity threats to medical student SCT scores; the 

tendency of SCT scores to progress with increasing levels of clinical practice 

experience is further support for the construct validity of SCT scores; and use of the 

‘think-aloud’ approach to explore students’ response process has built confidence in 

SCT as a valid format to test the clinical reasoning of undergraduate students, while 

providing them with enhanced post-assessment feedback opportunities.  

 

By adopting the approaches investigated in the thesis research papers, namely careful 

design, optimisation and balancing of the items, SCT should increasingly gain 

acceptance in health professional education for assessing clinical reasoning. This 

dissertation, by supporting the construct validity of SCT scores in one setting in 

undergraduate medicine, as well as recommending ways to improve the validity of the 

tool in assessing clinical reasoning, has made a significant contribution to the current 

literature. It should facilitate further uptake of SCT as a valuable modality to enhance 

the learning and assessment of clinical reasoning. However, validation of SCT scores 

on each testing occasion, and in other contexts, requires ongoing effort.  
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Appendix 7: Script Concordance Testing online 

quiz for Year 3 (Chapter 7) 

 

Clinical Scenario A 

 

A 22-year-old female medical student comes to see you complaining of fatigue, weight loss and 

night sweats of about one month's duration. She recently returned from her elective in India. 

She is a non-smoker and apart from a cardiac murmur detected in childhood there is no 

significant past medical history. She has no diarrhoea and no abdominal pain. 

 

 

If you are 

considering the 

following 

investigation… 

 

and then you find 

that… 

you would then 

consider the 

investigation to be… 

 

 

-2 : much less useful 

-1 : less useful 

 0 : neither more nor 

less useful  

+1 : more useful 

+2 : much more useful 

 

 

1. A CT scan of 

chest, abdomen and 

pelvis  

 

there are splinter 

haemorrhages on 

examination 

 

 

A    B    C    D    E 

-2  - 1     0   +1   +2 

     0    1   0.4    0     0 

 

 

 

2. An 

echocardiogram 

 

 

there are ring-like 

parasites with double 

nuclear dots in 

erythrocytes on the 

manual blood film 

 

 

A    B    C    D    E 

-2  - 1    0   +1   +2 

     1   0.7   0    0     0 
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Clinical Scenario B 

 

A 32-year-old woman presents with a 2-day history of mild cramping lower abdominal pain 

and light vaginal bleeding. Her last normal menstrual period was 6 weeks ago. 

 

 

If you were thinking 

of...  

 

and then you find 

that…  
this hypothesis becomes… 

 

 

-2 : much less likely 

-1 : less likely 

 0 : neither more nor 

less likely 

+1 : more likely  

+2 : much more 

likely  

 

 

3. Ectopic 

pregnancy 

 

 

her serum beta HCG 

is 3000 IU and there 

is no intrauterine 

pregnancy identified 

on transvaginal scan 

 

A    B    C    D    E 

-2  - 1    0   +1   +2 

        0    0    0    0.7    1 

 

 

4. Menstruation 

 

she has polycystic 

ovarian syndrome 

 

A    B    C    D    E 

-2  - 1    0   +1   +2 

        0    0    0.1   1    0 
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Clinical Scenario C 

 

A mother brings in a two-year-old child to you with fever. On examination the child is irritable, 

has a mild fever and the left eardrum is congested and bulging. You diagnose unilateral acute 

otitis media. The child has not received antibiotic treatment before. 

 

 

If you are considering 

the following treatment 

or action… 

 

and then you find 

that… 

you would then 

consider the treatment 

or action to be... 

 

 

-2 : much less 

appropriate 

-1 : less appropriate 

 0 : neither more nor less   

      appropriate  

+1 : more appropriate 

+2 : much more 

appropriate 

 

 

5. Prescribing 

amoxycillin 

 

The mother had an 

anaphylactic 

reaction to 

penicillin 

 

A    B    C    D    E 

-2  - 1    0   +1   +2 

     0   0.2   1     0     0 

 

 

 

6. Arranging an 

assessment by an 

audiologist 

 

 

 

The child has a 

speech delay 

 

A    B    C    D    E 

-2  - 1    0   +1   +2 

     0    0    0    0.5    1 
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Clinical Scenario D 

 

A ten-year-old boy presents with acute jaundice and right upper quadrant pain. He has had a 

preceding sore throat. 

 

 

If you are 

considering the 

following 

investigation… 

 

and then you find that… 

you would then 

consider the 

investigation to be… 

 

 

-2 : much less useful 

-1 : less useful 

 0 : neither more nor 

less useful  

+1 : more useful 

+2 : much more useful 

 

 

7. Hepatitis C 

antibodies  

 

His mother had a blood 

transfusion for 

postpartum haemorrhage 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     0     0   1     0      0 

 

 

8. Epstein Barr 

virus IgM  

 

His GP has treated his 

sore throat with 

Amoxycillin and he has 

a skin rash 

 

 

A    B    C    D    E 

-2   -1    0    +1    +2 

     0     0    0     0     1 

 

 

 

9. Hepatitis A IgM 

 

Some of his classmates 

have been unwell and 

have had loose bowel 

motions 

 

A    B    C    D    E 

-2  -1    0   +1   +2 

     0    0  0.33 0.33  1 
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Clinical Scenario E 

 

A 35-year-old woman asks for your help to lose weight. She tells you that she eats large 

volumes of junk food late at night, or when she fights with her partner.  

 

 

If you were thinking 

of...  

 

and then you find 

that…  
this hypothesis becomes… 

 

 

-2 : much less likely 

-1 : less likely 

 0 : neither more nor 

less likely 

+1 : more likely  

+2 : much more 

likely  

 

 

10. Anorexia nervosa 

 

She has a BMI of 

22 (normal 20 - 

24.9) 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

       1  0.72  0     0     0 

 

 

11. Hypothyroidism 

 

 

 

 

Her resting pulse 

rate is 88 /min 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     0.4    1   0.2   0     0 

 

 

12. Bulimia 

 

There are 

macerations on 

two fingers of her 

left hand 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

        0    0     0    1   0.29 
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Appendix 8: Script Concordance Testing online 

quiz for Year 4 (Chapter 7) 

 

Clinical Scenario A 

 

A 65-year-old homeless man presents to the Emergency Department with fever, cough and 

purulent sputum for 2 days. He now complains of sharp right-sided chest pain, worse with 

respiration. 

 

 

If you were thinking 

of...  

 

and then you find 

that…  
this hypothesis becomes… 

 

 

-2 : much less likely 

-1 : less likely 

 0 : neither more nor 

less likely 

+1 : more likely  

+2 : much more 

likely  

 

 

1. Pneumothorax 

 

 

There is marked 

dullness to 

percussion over the 

right lower lobe 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

        1  0.1   0     0     0 

 

 

2. Aspiration  

pneumonia 

 

 

 

Sputum cultures are 

negative after two 

days 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

       0    0.6  1     0.3   0 
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Clinical Scenario B 

 

A mother presents to the Emergency Department with her 3-year-old daughter who has had a 

persistent cough and wheeze since last night.  

 

 

If you were thinking 

of...  

 

and then you find 

that…  

this hypothesis 

becomes… 

 

 

-2 : much less likely 

-1 : less likely 

 0 : neither more nor 

less likely  

+1 : more likely 

+2 : much more likely 

 

 

3. Cystic fibrosis 

 

The child has not had 

any breathing 

problems before this 

episode 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

   0.3   1   0.5    0     0 

 

 

4. Inhalation of a  

    foreign body 

 

The symptoms 

improve after 10 

minutes on a nebuliser 

mask 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     1   0.8   0    0      0 
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Clinical Scenario C 

 

A 47-year-old woman presents with an episode of upper abdominal pain. She is not experiencing 

any radiation of the pain but is feeling nauseated. 

 

 

If you were thinking 

of...  

 

and then you find 

that…  

this hypothesis 

becomes… 

 

 

-2 : much less likely 

-1 : slightly less likely 

 0 : neither more nor less   

      likely  

+1 : slightly more likely 

+2 : much more likely 

 

 

5. Acute   

    pancreatitis 

 

She has a normal 

serum amylase and 

lipase level 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     1   0.3  0.1   0     0 

 

 

 

6. Peptic ulcer  

    disease 

 

 

 

She has a history of 

frequent recurrent gout 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     0     0   0.5   1    0.3 
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Clinical Scenario D 

 

A 25-year-old woman presents complaining of vomiting intermittently for one week. 

 

 

If you are considering 

the following treatment 

or action… 

 

and then you find 

that… 

you would then 

consider the treatment 

or action to be... 

 

 

-2 : much less 

appropriate 

-1 : less appropriate 

 0 : neither more nor less   

      appropriate  

+1 : more appropriate 

+2 : much more 

appropriate 

 

 

7. Prescribing  

    metoclopromide   

    (Maxolon) 

 

She has needed 

benztropine 

(Cogentin) in the 

past for a reaction 

to an antiemetic 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     1   0.1   0     0     0 

 

 

 

8. Prescribing  

     intravenous  

     Tropisetron  

     hydrochloride  

     (Navoban) 

 

 

She has been 

taking an 

antidepressant 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

    0.1  0.6  1     0     0 
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Clinical Scenario E 

 

A 64-year-old man has been married for 20 years. He presents with an episode of jaundice. He 

has denied any discomfort but is feeling itchy and lethargic. You decide to order some 

investigations for Mr White. 

 

 

If you are 

considering the 

following 

investigation… 

 

and then you find that… 

you would then 

consider the 

investigation to be… 

 

 

-2 : much less useful 

-1 : less useful 

 0 : neither more nor 

less useful  

+1 : more useful 

+2 : much more useful 

 

 

9. Abdominal  

    ultrasound 

 

The patient has had a 

melanoma removed 

from his scalp 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     0    0  0.6   0.7    1 

 

 

 

10. Hepatitis A  

      serology 

 

He has not travelled 

overseas in the last 12 

months 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

   0.4    1    1     0     0 

 

 

 

11. CT Abdomen 

 

 

 

 

EBV IgM is elevated 

 

 

 

 

 

A    B    C    D    E 

-2   -1    0   +1   +2 

     1  0.9  0.3    0     0 
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